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from ERS-NASS, P.O. Box 1608, Rockville, MD 20849- 


1608. Or call, toll free, 1-800-999-6779 (weekdays, 
8:30-5:00 ET). Rates: 1 year, $12: 2 years, $23: 3 years, 
$33. Add 25 percent for subscriptions mailed outside the 
United States. Make checks payable to ERS-NASS. Single 
copies are available for $8.00 each. 
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Summary 


During the 1990/91 fertilizer year, plant nutrient use in the 
United States is expected to decline 3 percent from the previ- 
ous year to 20 million nutrient tons. Nitrogen use is forecast 
at 10.7 million tons, phosphate at 4.2 million, and potash 5.1 
million. Projected changes in planted acreage and crop mix 
combined with stable application rates are the principal rea- 
sons for the decline. A decline in wheat acreage is expected 
to more than offset a projected increase in corn acreage. Fer- 
tilizer supplies, though higher priced, will be adequate for an- 
ticipated use. 


Tightening world fertilizer supplies and concern over the Per- 
sian Gulf have put upward pressure on prices. U.S. spring 
fertilizer prices will likely be 5 to 9 percent higher than last 
year. 


World fertilizer production and use are expected to increase 
most in developing countries and the centrally planned econ- 
omies of Asia. Projected regional fertilizer shares indicate a 
continued shift in production and use from the developed to 
the developing countries. World fertilizer trade patterns will 
continue, with Canada, Eastern Europe, and the USSR sup- 
plying nitrogen fertilizer to the United States, Western Eu- 
rope, and Asia. 


Pesticide use on the 10 major field crops in 1991 is projected 
at 481 million pounds active ingredient (a.i.), up 16 million 
pounds from 1990. Herbicide use is expected to rise 12.2 
million pounds due to an estimated 4-percent expansion in 
corn acreage and a 1-percent rise for soybeans. Insecticide 
use is forecast up 3.9 million pounds in 1991, largely on the 
strength of a projected 18-percent increase in planted cotton 
acreage. Fungicide use is expected to remain stable, with 
peanut production accounting for the highest poundage. 


Production methods for the major field crops in the last 3 
years indicate a slight increase in the use of conservation till- 
age systems. For the most part, this reflects a decrease in the 
use of the moldboard plow. The proportion of highly erod- 
ible land utilized for crop production under conventional tll- 
age methods decreased slightly in 1990 from the previous 
year, and should continue to decline over the next few years, 
as farmers implement approved conservation plans. 


Energy supply and price expectations for the U.S. agriculture 
sector reflect world crude oil market conditions. Though 
world crude oil supplies are currently judged to be adequate, 
the price in 1991 is expected to increase moderately to 
sharply above the 1990 average of $22 per barrel, depending 


on developments in the Persian Gulf. Farm prices for diesel 
fuel, gasoline, liquefied petroleum gas, and electricity will 
rise accordingly. 


Farm energy expenses in 1990 likely increased slightly to 
$7.2 billion. The increase was due to a modest gain in crop- 
land planted and harvested and a slight increase in the num- 
ber of acres irrigated, combined with higher refined petro- 
leum product prices late in the year. Farm energy expenses 
accounted for an estimated 6.2 percent of 1990 cash produc- 
tion expenses. 


Unit sales of tractors and other farm machinery rose in 1990, 
continuing a general trend begun in 1987 as farmers replaced 
aging equipment. After weakening in August, September, 
and October, farm machinery sales finished the year with re- 
newed strength. Sales increased 23 percent for four-wheel- 
drive tractors in 1990, and 15 percent for combines. Four- 
wheel-drive tractors accounted for 8 percent of farm tractors 
sold in 1990, continuing an upward trend from 1987 when 
they were just 3 percent of sales. 


Sales of tractors and all other farm machinery are forecast to 
increase in 1991 by an average of 4 percent. Projections of 
increases in demand for 1991 are complicated by the unsta- 
ble situation in the Persian Gulf and the recent economic 
downturn. Factors expected to stimulate demand include re- 
duced debt and interest rates, as well as increased commod- 
ity exports, net incomes, and asset values. The value of 
1990 farm machinery exports exceeded imports by $700 mil- 
lion, the second year in a row in which U.S. exports sur- 
passed imports. 


For the 1989/90 crop year, seed use for the eight major crops 
was 6.2 million tons, down 2 percent from the previous year. 
Seed use in 1990/91 is likely to be 5 percent below 1989/90 
due to a decline in planted winter wheat acreage. In 1990, 
most field seed prices fell from 1988 and 1989 levels, as nor- 
mal weather conditions returned and seed supplies were 
ample to meet demand. Prices for forage seeds also were 
generally lower because of abundant supplies and a decline 
in the growth of the Conservation Reserve Program. The 
prices-paid index for all seeds in 1990, at 165, was close to 
the previous year’s and is likely to remain flat in 1991. 


The net seed trade surplus surged 46 percent to $309 million 
in the first 9 months of 1990 compared with the same period 
a year earlier. The increase primarily reflects gains in corn, 
vegetable, and forage seed exports. 


Fertilizer 
Consumption 


Plant nutrient use in the United States is forecast at 20.0 mil- 
lion nutrient tons during fertilizer year 1990/91 (July 1-June 
30), down 3 percent from the 20.6 million used in 1989/90. 
For nitrogen, use is forecast at 10.7 million tons, 4.2 million 
for phosphate, and 5.1 million for potash. During 1989/90, 
farmers used 11.1 million tons of nitrogen, 4.3 million of 
phosphate, and 5.2 million of potash. 


Fertilizer use in 1990/91 is expected to decline. Although 
planted area of com, the major fertilizer-using crop, is ex- 
pected to increase, planted area for wheat, the second most 
important fertilizer-using crop, is expected to decline 13 per- 
cent (table 1). Gains in planted area are also expected for 
soybeans, cotton, and rice, but small decreases are antici- 
pated for sorghum, barley, and oats. 


Fertilizer application rates on corn, cotton, soybeans, and 
wheat acreage are expected to remain near the levels of 
1990. During that year, application rates for these crops re- 
bounded somewhat from the wet soil conditions that ham- 
pered spring 1989 fertilizer applications in some areas. 


Spring 1991 fertilizer prices will likely be higher than a year 
earlier since tightening supplies and the crisis in the Persian 
Gulf have put upward pressure on prices. Wholesale fertil- 
izer prices have risen over 30 percent for most products 
since August 1990. 


Exports of fertilizer materials during 1990/91 are projected 
to rise from a year earlier due to reduced domestic demand 
and increased demand in developing countries. Overall, ni- 


Table 2--U.S. supply-demand balance for years ending June 30 


Table 1--Acreage assumptions for 1991 input use forecast 
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1990 1991 
Crop actual forecast 
Million planted acres 
Wheat Le5 66.0 - 69.0 
Feed grains 103.9 103.0 - 109.0 
Corn 74.5 i Oma 10 
Other 1/ 29.4 2820n- e500 
Soybeans Biel 58.0 - 61.0 
Cotton (all types) 12.3 14300 ioe 
Rice 2.9 2a an Sie 


1/ Sorghum, barley, and oats. 


trogen exports will likely climb 2 percent (table 2). Phos- 
phate exports should remain close to last year’s levels if 
diammonium phosphate shipments to Asia stay weak. Pot- 
ash exports are expected to increase over last year by about 
15 percent. 


Supplies 


Domestic supplies of nitrogen fertilizer should be adequate 
to meet 1991 crop needs as production and imports increase 
in anticipation of higher prices. During the second half of 
the 1989/90 fertilizer year, higher imports partially offset re- 
duced domestic production and created excess supplies 
which placed downward pressure on domestic prices. Then 
in the first half of the 1990/91 year, higher world prices re- 
sulting from reduced production in Central and Eastern Eu- 
rope and the crisis in the Persian Gulf tightened supplies, and 
in general strengthened the U.S. market. The forecast is for 
increased domestic production and imports of nitrogen to ex- 
ceed domestic demand. Domestic phosphate and potash sup- 
plies will be ample because of increased domestic produc- 
tion supplemented by potash imports from Canada. 


Nitrogen 
Item 1989 1990 1991 1/ 
Producers’ beginning 
inventory 135 eS 1.14 
Production 14.02 13.58 Lo 
Imports 2/aeeOlmc/ales5 lesa 
otal available 
supply 4/ 16.99 4/16.44 16.24 
Agricultural 
consumption 10.59 11.08 10.71 
Exports 2.92 3.14 Bre 
otal agricultural 
and export demand IS 52 14.21 15292 
Producers’ ending 
inventory 1S 5il 1.14 1.23 
Available for non- 
agricultural use 4/ 1.97 4/ 1.09 1.09 


Phosphate Potash 
1989 1990 1991 1/ 1989 1990 1991 1/ 
Million nutrient tons 

0.55 0.70 0.52 0.16 0.22 0.34 
Sf Viele es fallen 11.99 1.63 1.83 1.78 

0.07 0.07 0.07 4.07 4.16 a5) 

12.34 12.48 2sty// 5.86 6.21 -26 

4.12 4.34 4.15 4.84 5.20 Be Ut, 
5/ 4.80 5.49 Deo 0.40 0.39 0.45 
5/ 8.92 9.84 9.66 5.24 5.59 5.61 

0.70 0.52 0.61 0.22 0.34 0.36 

Bane Zena 2.30 0.40 0.27 0.28 


1/ Forecast. 


for 50-70 percent of total nitrogen imports; 
3/ Does not include Phosphate rock. 
anhydrous ammonia. 5/ Due to a data reporting change b 
superphosphoric acid are not included prior to January 
export demand are understated. 


Sources?) #27657 )6,07. 8). 


ts; consequently, nitrogen imports are significant 
4/ Significantly understated due to lack of import data for 


2/ Does not include anhydrous ammonia; effective January 1989, reporting of quantity data f 
anhydrous ammonia was discontinued by ic U.S. Department of Commerce. bs rous. : ai ae 


Anhydrous ammonia frp ieeney eccounts 
y understated. 


the U.S. Department of Commerce, exports of 


989. 


Thus, phosphate exports and total agricultural and 


Transportation difficulties may trigger some regional short- 
ages of fertilizer materials this Spring. The U.S. rail system 
is still plagued by hopper car shortages during peak demand 
periods, which could trigger spot fertilizer shortages in some 
areas or higher prices if additional transportation costs are 
passed on to farmers. 


Weaker market conditions reduced or halted nitrogen produc- 
tion in some plants during 1989/90. However, production 
rates for July-October 1990 indicate that about 97 percent of 
U.S. anhydrous ammonia capacity was being used (9). Wet- 
process phosphoric acid facilities, capable of producing al- 
most 12.0 million tons of product a year, operated at 103 per- 
cent of capacity through October. During the same period in 
1989, anhydrous ammonia and wet-process phosphoric 
plants operated at about 96 percent of capacity. 


USS. potash facilities operated at 83 percent of capacity, pro- 
ducing 0.7 million tons through October 1990; Canadian fa- 

cilities operated at 59 percent, producing 2.4 million tons. A 
year earlier, potash plants in both the United States and Can- 
ada operated at 88 and 51 percent of capacity, respectively. 


Nitrogen production is projected to increase about 1 percent 
in 1990/91 from the previous year. U.S. nitrogen imports 
will slip less than 1 percent, the decrease due to reduced do- 
mestic demand. However, higher domestic prices should en- 
courage inventory accumulations. Producers have been in- 
creasing Output since the crisis in the Persian Gulf in antici- 
pation of higher feedstock prices in the future (natural gas). 
Shipments will continue to come from Canada, the USSR, 
and Trinidad-Tobago, with Canada being the major U.S. sup- 
plier of nitrogen (1). During 1989/90, anhydrous ammonia 
production dipped 3 percent to 16.3 million tons (table 3). 
Decreased production of other nitrogen materials ranged 
from 4 percent for urea to 7 percent for nitrogen solutions. 


U.S. phosphate production is expected to increase margin- 
ally in 1990/91 in response to higher prices. Reduced domes- 
tic demand is anticipated, but continued strength in the ex- 
port market is expected. Total production of selected phos- 
phate fertilizer materials decreased 1 percent in 1989/90 
from a year earlier. Diammonium phosphate production, 
which accounts for the largest proportion of U.S. phosphate 
fertilizer production, rose 2 percent. Production of normal 
and enriched superphosphate dropped 23 percent in 1989/90, 
and triple superphosphate production decreased about 14 per- 
cent. 


In 1990/91, domestic potash production will likely decrease 
by about 2 percent in response to higher operating costs and 
less anticipated planted acreage. However, U.S. potash im- 
ports are expected to remain about the same as last year as 

U.S. suppliers increase inventories in anticipation of higher 


prices. 


Table 3--U.S. production of selected fertilizer materials 
for years ending June 30 


Annual 


Material 1989 1990 1/ change 
: rch => OOO} tons=—— Percent 
Nitrogenous fertilizers: 2/ 
Anhydrous ammonia 3/ 16,863 16,343 -3 
Ammonium nitrate, solid 2,312 2,166 -6 
Ammonium sulfate 2,394 2,423 1 
Urea 3/ ; 8,159 7,808 -4 
Nitrogen solutions 3,072 2,864 -7 
Phosphate fertilizers: 4/ 
Normal and enriched 
superphosphate 76 58 -23 
Triple superphosphate 939 812 -14 
Diammonium phosphate 6,112 6,233 2 
Other ammonium phosphates 
and other phosphatic 
fertilizer materials 1,199 1,166 =3 
Total 5/ 8,326 8,269 -4 
Wet-process _ 
phosphoric acid 6/ 10,981 11,083 1 
Muriate of potash: 7/ 
United States 1,628 1,827 12 
Canada 8,916 7,466 -16 


1/ Preliminary. 2/ Total not listed because nitrogen 
solutions are in 1,000 tons of N, while other nitrogen 
products are in 1,000 tons of material. 3/ Includes material 
for_nonfertilizer use. 4/ Reported in 1,000 tons P205. 

5/ Totals may not add due to rounding. 6/ Includes merchant 
acid. 7/ Reported in 1,000 tons of K20. 


Sources: (2, 8). 


Farm Prices 


Spring 1991 fertilizer prices will likely increase 5 to 9-per- 
cent above their year-earlier levels. A tightening demand- 
supply situation combined with uncertainties over the Per- 
sian Gulf crisis has put upward pressures on prices. Higher 
transportation costs will also contribute to the increase in fer- 
tilizer prices. 


Nitrogen prices will likely increase the most over fall prices 
as domestic supplies tighten and production costs of anhy- 
drous ammonia increase. The major production cost of anhy- 
drous ammonia is its feedstock, such as natural gas, fuel oil, 
or refinery gas. Phosphate and potash prices will also be 
higher than fall levels as the export market demonstrates con- 
tinued strength. 


Fertilizer prices paid by farmers decreased slightly (less than 
1 percent) from October 1989 to April 1990. Prices fell 
again in late spring of 1990 due to excess supplies. Demand 
and supply were more in balance just prior to the Persian 
Gulf crisis in August. October farm prices include the initial 
shock of the crisis and reflect an increase between 1 and 2 
percent over April 1990 farm prices. 


The 1990 price performance follows a relatively sharp down- 
turn between April and October 1989 in average farm fertil- 
izer prices. After rising steadily from October 1986 to April 


Table 4--Average U.S. farm prices for selected fertilizer materials 1/ 


Prices- 
Anhydrous Triple Diammonium Mixed paid 
ammonia Urea superphosphate phosphate Potash fertilizer index 
Year (82%) (44-46%) (44-46%) (18-46-0%) (60%) (6-24-24%) (1977=100) 
a a SC OM 
1985: 
May 252 ANG 203 240 128 192 135 
October eat 204 195 229 113 182 130 
1986: 
April 225 174 190 224 111 179 125 
October 174 159 182 205 107 173 116 
1987: 
April 187 161 194 220 115 176 117 
October 180 159 206 231 135 183 121 
1988: 
April 208 183 222 251 157 208 132 
October 191 188 221 246 157 208 134 
1989: 
April 224 212 229 256 163 2iliti 141 
October 180 172 204 218 153 196 131 
1990: 
April 199 184 201 219 155 198 130 
October 191 199 205 228 150 201 132 


1/ Based on a survey of fertilizer dealers conducted by the National Agricultural Statistics Service, USDA. 


1989, prices then fell 7 percent by October 1989 (table 4). Table 5--U.S. imports of selected fertilizer materials 
Prices of nitrogen fell: more than for other fertilizers witli an=, 9 «q2=7ser Secs eet a ee ee Se se eee 


hydrous ammonia and urea prices down about 20 percent ' shenks Wizerwvestanmiluly Ogrebeny 
from April. Phosphate prices also fell considerably from Material Gat 3) /uneee 1985/89. G1 989/20) ee 969.4 1990) 
April to October 1989; triple superphosphate and diam- 
; ; ; 1,000 tons 

monium phosphate prices slid 11 and 15 percent. Potash Nitrogen: : 
price declines were limited by the January 1988 agreement ee ees sii adel <i aiaad Be on 
between the U.S. Department of Commerce and Canadian Urea | ; 2,241 1,933 550 703 

<—. : Ammonium nitrate 414 443 114 128 
potash producers, restricting Canadian producers from dump- Ammon um sulfate 357 422 199 z 
: j i lum nitrate 
ing potashiin the United States: Calcium nitrate 120 104 28 18 

Nitrogen solutions 632 489 94 89 
U.S. Fertilizer Trade Other 82 52 10 15 
Phosphate: 
Anhydrous ammonia accounts for 35-60 percent of total ni- cprosphates, 1 of 3 isi ee 
1 i 1 fs ruae osphates ; 
trogen material imports and 25 percent of total nitrogen mate Phesphontense| ay 5 : 3 
rial exports. During calendar year 1989 the Department of Normal and 7 ple : : , 
Commerce (DOC) ceased reporting quantity data for anhy- Othe ene 3 5 3 * 
drous ammonia trade. The DOC took this action in response Total 1,145 458 162 166 
to a disclosure petition filed by a fertilizer importer. Al- Potash: 
: E Potassium chlorid 6,567 6,703 ; z 
though data for 1990 are now available, the quantity of U.S. Potass un sul fate 30 56 : ff ‘ "23 
a j otassium nitrate 
fertilizer trade data will be understated for 1989. Total 6,748 6,800 1,800 2,116 
Fertilizer import volume in 1989/90 decreased about 12 per- ——‘"'*ed fertilizers ue aoe 90 63 
cent from a year earlier, and value dropped off 16 percent Total 12,676 11,171 2,996 3,426 
(table 5). Imports totaled approximately 11.0 million tons $ billion 
(7.7 million nutrient tons), valued at $1.2 billion. Canada Total value 4/ 1.39 1.17 0.32 0.35 
Paes a susan share of U.S. nitrogen imports and al- ie Leaaudhan SO0LtRnee 
most tash imports. ; 
Pe Vite 1/ During calendar year 1989, reporting of quantity data for 
emmy etous aampuie was prse onthe Thane U.S. Peper tment 
eae ae ee : of Commerce, but was reinstated i - Fertili 
Fertilizer exports totaled 24.6 million tons (9.0 million nutri- 1988/89 ace : ns anhydrous emnone a data for the first 6 
. montns white Tertitizer year contains data for 

ent tons), about the same as 1988/89 (table 6). Countries of the last 6 months. 2/ Includes all forms of phosphoric acid. 
Asia provided the largest markets, followed by Canada and 7 ee potass/ um sodi ane trate. 4/ Value by 
Latin America. China and India each received about 13 per- Be ee eee aa ae 
cent of all U.S. fertilizer exports; South Korea, Mexico, the Source: (7). 


Netherlands, Japan, and Canada imported over 18, 13, 12, 


In 1989/90 Canada remained the major foreign supplier of ni- 
trogen fertilizer, providing about 41 percent of U.S. import 


Maser taUdeamiee ee. tie 1988/89 1989/90 1989 1990 tonnage. On a value basis, Canada was the major source of 
Me thte® Gra? cers U.S. anhydrous ammonia imports, earning over 57 percent 
uferasee 1,000 tons of anhydrous ammonia import value. Canada also provided 
Anysuaus (mrenéa 612 51 1 165 237 most of the imported urea, supplying about 67 percent of the 
Urea aes 1,025 1,249 608 af 19 million tons of U.S. imports. Trinidad-Tobago and Mex- 
Ammonium sul fate 842 933 35] 47 feo each shippeg pnoilier > pean 
Seen Stun ons 680 425 148 
Other 538! $7 sp i: In 1989/90 the volume of all nitrogen material exports in- 
; 3,325 1,350 1,195 creased from the previous year. Overall nitrogen exports 
Prgeeaa ja pucephater rose 1 percent. Urea exports increased 22 percent and made 
ph osph at e 22 22 9 18 up 40 percent of the 3.1 million tons of nitrogen materials ex- 
ceenhate ‘* $34 oe ow ported; ammonium sulfate, 30 percent; nitrogen solutions, 14 
D Lanne um A vac atten: percent; anhydrous ammonia, 9 percent; and ammonium ni- 
Monoammonium_ and ’ ' ' ’ trate, 5 percent (table 6). Diammonium phosphate (18 per- 
other ammonium as ote oa om cent nitrogen and 46 percent phosphate) accounted for over 
P esphor i ¢ acid: d a i 7 es 55 percent of the 3 million nutrient tons of nitrogen exported 
oe suPer : é 2 25 92 and 76 percent of the processed phosphate. 
Total TON TS 2E rei 625 4,934 3,618 ; . 
on ceeerh ree? OM ee ee Brazil was the largest customer for U.S. ammonium sulfate, 
’ ' ' ' purchasing 29 percent of the 0.9 million tons exported. 
Porae) : st dutary Gettas 7 ia 13 508 China, France, Chile, and Canada purchased the most urea, 
Potassium sulfate 192 209 32 a importing 29, 17, 11, and 7 percent. Belgium-Luxembourg 
meee 953 975 350 454 was the largest purchaser of nitrogen solutions, taking 55 per- 
Mixed fertilizers 172 318 130 81 SOURS a 
Mig ae on ie pcre es eta er, fio! Phosphate Trade 


Sp emed  e “1986 phe pet caper tee after 1985. 
2 ective January osphate rock exports illi ili 

include a small tonnage of mises tLencous geek ilizens: oe paen Sa ence, eaaery ene # 
1988/89 jumped 14 percent from the previous year. India 


Source: (6). and China were the largest purchasers of U.S. phosphate fer- 


10, and 8 percent, respectively, of phosphate rock exports. 
During July-October 1990, U.S. exports fell by about 22 per- 
cent as purchases by India and China returned to more his- 
toric levels compared with the corresponding time period a 
year earlier. 


During the first 4 months of fertilizer year 1990/91 (July-Oc- 
tober), fertilizer import volume increased about 14 percent 
(table 5). Exports decreased 22 percent from a year earlier 
for this same time period (table 6). Imports of potassium 
chloride, the major source of potash, increased 17 percent. 
Processed phosphate exports dropped 27 percent, and phos- 
phate rock exports fell 25 percent. 


Nitrogen Trade 


Imports of all nitrogen materials except ammonium nitrate 
and ammonium sulfate decreased in 1989/90. Urea and ni- 
trogen solution imports declined 14 and 30 percent, sodium 
nitrate imports went down 10 percent. Urea imports, which 
declined from 2.2 to 1.9 million tons, represented 34 percent 
of all nitrogen material imports during the previous fertilizer 


year. 


tilizer in 1988/89, accounting for 25 and 24 percent of phos- 
phate exports, respectively. Other important customers were 
Canada, Chile, Colombia, and Venezuela. Although data on 
exports of superphosphoric acid to the USSR are not avail- 
able, the Soviets buy large amounts of U.S. phosphate fertil- 
izer. 


Exports of all phosphate fertilizer materials increased—ex- 
cept for triple superphosphate, which fell 1 percent. Exports 
of phosphoric acid, diammonium phosphates, and 
monoammonium phosphates went up 25, 14, and 6 percent. 
India purchased 70 percent of all U.S. phosphoric acid ex- 
ports. Chile received about 23 percent (165,000 tons) of con- 
centrated superphosphate exports. China received 30 per- 
cent (2.8 million tons) of diammonium phosphate exports, 
and Canada imported 27 percent (260,000 tons) of 
monoammonium phosphate exports. South Korea purchased 
the most U.S. phosphate rock, accounting for 18 percent of 
all exports, while Mexico, the Netherlands, Japan, France 
and Canada took 13, 12, 10, 8, and 8 percent. 


At 8.3 million tons, U.S. phosphate rock exports declined 17 
percent in 1989/90, continuing a trend toward the shipping 


Table 7--U.S. fertilizer consumption 1/ 


aoa : nore Sinn S087 Re Sa eee | 
ertilizer 
june 20 2/ materials N P205 K20 Total 3/ (1977=100) ; 
meee cern ree- Million tons---------------- Percent 
1977 51.6 10.6 .6 5.8 Zea 100 
1980 52.8 11.4 54 6.2 23.1 104 
1981 54.0 11.9 5.4 Oe5) 23.7 107 
1982 48.7 11.0 4.8 5.6 21.4 97 
1983 41.8 9.1 4.1 4.8 18.1 82 
1984 50ea ailent 4.9 5.8 21.8 99 
1985 49.1 Ate anata 5eO Pate 98 
1986 44.1 10.4 4.2 Sat 19.7 89 
1987 43.0 10.2 4.0 4.8 19.1 86 
1988 44.5 1055 4.1 5.0 19.6 89 
1989 44.9 10.6 4.1 4.8 19.6 89 
1990 tat tiles 4.3 5.2 20.6 93 


1/ Includes Puerto Rico. 


Detailed State data shown in appendix table 2. 


2/ Fertilizer use estimates for 1977-84 are based on USDA data; those for 


1985-89 are TVA estimates. 


Source: (3). 


of processed phosphate fertilizer rather than rock. The phos- 
phate rock of other exporting countries has a higher ore con- 
tent than that of the United States. 


Potash Trade 


U.S. potassium chloride imports increased about 1 percent in 
1989/90 to 6.7 million tons (table 5). Potassium chloride ac- 
counted for almost all potash imports, with Canada provid- 
ing 94 percent of the total, up from 89 percent the previous 
year. Israel and Germany were the only other significant 
suppliers, shipping 5 and 1 percent. 


U.S. exports of potassium fertilizer materials increased about 
2 percent in 1989/90. Approximately 1 million tons were 
shipped, with potassium chloride accounting for 43 percent 
of the total, which was down 11 percent from the previous 
year’s total (table 6). Potassium sulfate exports went up 9 
percent, comprising 21 percent of potassium exports. 


Fertilizer Use Estimates 


In 1989/90, 47.7 million tons of fertilizer material were used 
in the United States and Puerto Rico, up 6 percent from the 
previous year (table 7). Use of plant nutrients of 20.6 mil- 
lion tons represented an increase of 5.3 percent from the pre- 
vious year. Nitrogen use increased 4.2 percent to 11.1 mil- 
lion tons, while phosphate and potash use climbed 5.3 and 
7.7 percent to 4.3 and 5.2 million tons. 


Changes in 1989/90 regional consumption varied. Plant nu- 
trient use fell as much as 8 percent in the Southern Plains re- 
gion. In the Delta States region, it rose as much as 14 per- 
cent due to changes in planted acreage and a return to histori- 
cal application rates for phosphate and potash. The previous 
year’s rates reflected farmers’ adjustments from the car- 
ryover effects of the 1988 drought (table 8). Nitrogen use in- 
creased in all regions except the Northeast and Southern 


3/ Totals may not add due to rounding. 


Plains regions, where it dropped 2 and 8 percent (table 9). 
Use of phosphate decreased 8 percent in the Southern Plains 
region, but rose in all others. Potash use increased in all re- 
gions except the Southern Plains, where it declined 4 percent. 


The proportion of fertilizers applied as single nutrient materi- 
als retained market share, constituting 59 percent of U.S. fer- 
tilizer use in 1989/90 (table 10). Farmers continued their 
trend toward utilization of more concentrated materials to 
meet plant nutrient needs. 


Corn for Grain 


Fertilizer was applied to 97 percent of the corn acres in 
1989/90 (table 11). The proportion of acres fertilized with ni- 
trogen remained unchanged, while the proportion of acres 
fertilized with phosphate and potash increased. Application 
rates of nitrogen, phosphate, and potash increased slightly 
from a year earlier to 132, 60, and 84 pounds per acre (see 
special article on testing for statistically significant differ- 
ences in mean application rates between 1989 and 1990). 


Cotton 


About 80 percent of cotton acreage received some fertilizer 
in 1989/90, up 1 percent from a year earlier, as the propor- 
tion of acres fertilized with nitrogen remained the same and 
the proportion fertilized with phosphate and potash de- 
creased from last year. Application rates for nitrogen, phos- 
phate, and potash increased to 86, 44, and 47 pounds per 
acre. 


Rice 


Fertilizer was applied on 98 percent of the rice acreage in 
1989/90; the proportion of acres treated with the various nu- 
trients ranged from 97 percent for nitrogen to 36 percent for 
phosphate. The application rate for nitrogen dropped from a 
year earlier to 114 pounds per acre; rates for phosphate re- 


Table 8--Regional plant nutrient consumpti 
ending June 30 1/ yeh wiaee 


“ A 

Region Mag Pe ae 1989 1990 tae 
1,000 tons Percent 

Northeast 733 

Lake States 2,340 2, 583 10 

Corn Belt 6,269 6,681 7, 

Northern 

Plains _ 2,331 2,434 4 
Appalachia 1,479 1,586 v 
Southeast 1,498 leo56 3 
Delta States 927 1,060 14 
Southern ‘ 

Plains 1,708 ito -8 
Mountain 933 987 6 
Pacific 2/ 1,341 1,389 4 
U.S. total 3/ 19,558 20,596 573 


1/ Includes N, P205, and K20. Totals may not add due 
to rounding. 2/ Includes Alaska and Hawaii. 
fea Pe Detailed State data shown in appendix 

able 


Source: (3). 


Table 9--Regional plant nutrient use for year ending 


June 
Annual 
Region 1989 1990 change 
---1,000 tons--- Percent 
Nitrogen: 
Northeast 313 306 2 
Lake States 1,011 1,134 12 
Corn Belt 3,041 84 Alle) 6 
Northern 
Plains 1,680 WD 4 
Appalachia 613 667 9 
Southeast 643 670 4 
Delta States 560 643 15 
Southern 
Plains Nests Ane -8 
Mountain 626 642 5 
Pacific 2/ 916 921 1 
U.S. total 3/ 10,619 11,065 4.2 
Phosphate: 
ete 188 198 5 
Lake States 477 508 6 
corn Bere 1,254 1,334 6 
Northern 
Plains 522 550 5 
Appalachia 361 381 6 
Southeast 297 308 4 
pete States 154 177 15 
t 
phere 342 315 -8 
Mountain 253 279 10 
Pacific 2/ 270 289 7 
U.S. total 3/ 4,119 4,340 5.4 
Potash: 
Northeast 232 261 12 
Lake States 852 941 11 
Corn Belt 1,974 2,132 8 
Bis ae 129 133 3 
Appalachia 506 538 6 
Southeast 558 559 0 
Delta States 212 240 13 
seuarnea ie 149 143 -4 
Mountain ; 53 65 ie 
Pacific 2/ 155 179 
U.S. total 3/ 4,820 5), 192 Ffate 


not add due to rounding. 2/ Includes 
ee on tan 3/ Excludes Puerto Rico. Detailed 
State data shown in appendix table 2. 


Source: (3). 


3/ Excludes 


Table 10--Average annual U.S. fertilizer use 1/ 


Multiple Single 

nutrient 2/ nutrient 3/ 
Year wt een n anne eneeee- 0 e+ ----------------- 
eect : Share Share 
June 30 4/ Quantity of total Quantity of total 

Million Million 
tons Percent tons Percent 

1980 23.3 44 29.5 56 
1981 2555 44 30.5 56 
1982 20.9 43 27.8 57 
1983 18.4 44 2525 56 
1984 glee 42 28.9 58 
1985 20.6 44 26.7 56 
1986 17.8 42 24.7 58 
1987 ee 42 24.1 58 
1988 17.6 41 orl 59 
1989 17.6 41 25.2 59 
1990 18.4 41 26.9 59 


1/ Includes Puerto Rico. 2/ Fertilizer_materials that 
contain more than one primary nutrient. 3/ Materials 
that contain only one nutrient. 4/ Fertilizer use 
estimates for 1980-84 are based on USDA data; those 
for 1985-90 are TVA estimates. 


Source: (3). 


mained the same at 45 pounds, while potash rates increased 
to 49 pounds. 


Soybeans 


Some fertilizer was applied to 31 percent of soybean acres 
planted in 1989/90, up 3 percent from the previous year as 
the proportion of acres fertilized was unchanged for nitrogen 
and declined for phosphate and potash. However, applica- 
tion rates for all three nutrients increased from the preceding 
year. Application rates were the highest for potash at 81 
pounds per acre, followed by phosphate at 47 pounds and ni- 
trogen at 24 pounds. Some differences in application rates 
between the Northern and Southern regions existed, with the 
North applying less nitrogen per acre, an equal amount of 
phosphate, and more potash. 


Wheat 


The share of wheat acres fertilized decreased to 79 percent in 
1989/90. The proportion of acres treated with nitrogen fell 
to 79 percent, and the proportion treated with phosphate de- 
creased to 52 percent. Potash-treated acres increased to 19 
percent. Nitrogen and potash application rates decreased to 
59 and 44 pounds per acre; the rate for phosphate also went 
down from the previous year. 


World Fertilizer Review and Prospects 


World plant nutrient production and use increased in 

1987/88 and is projected to have expanded in 1988/89 and 
1989/90. Fertilizer production and consumption rose signifi- 
cantly in developing market economies (Asia, Africa, and 
Latin America), but only slightly in developed market econo- 
mies. However, changes in Central and Eastern Europe, the 
crisis in the Persian Gulf, and other world developments 
could reduce production and consumption and result in 

lower estimates. 


Table 11--Fertilizer use on selected U.S. field crops 1/ 


tt 
Crop, year fertilizer N P205 
Sa ia Percent--------- 
Corn for grain: 
5 98 97 86 
1986 96 95 84 
1987 96 96 83 
1988 97 97 87 
1989 97 97 84 
1990 97 97 85 
Cotton 
19 76 76 50 
1986 80 80 50 
1987 76 16 47 
1988 80 80 54 
1989 79 79 54 
1990 80 79 49 
Rice 
1988 99 99 46 
1989 99 99 46 
1990 98 97 36 
Soype ens 
985 32 17 28 
1986 33 18 29 
1987 30 15 25 
1988 32 16 26 
1989 34 iG 28 
Northern area 30 14 23 
Southern area 44 24 42 
990 31 17 24 
Northern area 27 14 20 
Southern area 41 26 38 
ALL wheat: 
1985 77 77 48 
1986 19 19 48 
1987 80 80 50 
1988 83 83 53 
1989 81 81 53 
1990 79 79 52 


K20 N P205 K20 
weccseress= wee nne Lbs./ acre------------ 
19 140 60 84 
16 132 61 80 
5 132 61 85 
78 ME TC 63 85 
75 131 59 81 
U7 132 60 84 
34 80 46 52 
39 77 44 50 
33 82 44 45 
32 78 42 39 
32 84 43 40 
31 86 44 47 
36 127 47 50 
33 125 45 45 
37 114 45 49 
30 15 43 72 
31 5 43 71 
28 20 47 ie 
31 22 48 179 
32 18 46 74 
28 16 48 Te 
44 21 43 67 
29 24 47 81 
25 22 47 87 
39 28 47 70 
16 60 35 36 
19 60 36 44 
US 62 55 43 
18 64 37 52 
18 62 37 46 
19 59 36 44 


1/ Detailed data for selected States by crop shown in appendix tables 3-7. 


World Supplies 


In 1988/89, world plant nutrient supplies are projected to 
have increased over 4 percent to 152.9 million metric tons 
(table 12). Nitrogen supplies expanded 5 percent to 81.7 mil- 
lion tons; phosphate supplies rose by 3 percent to 40.2 mil- 
lion metric tons. Potash supplies reached 31.0 million metric 
tons (an increase of about 3 percent). Reduced potash pro- 
duction probably decreased world plant nutrient supplies less 
than 1 percent in 1989/90. However, planted acreage out- 
side the United States was projected to expand, encouraging 
increased fertilizer production and consumption. 


Consumption 


World plant nutrient consumption in 1988/89 increased over 
5 percent from a year earlier to about 145.7 million metric 
tons (table 12), Nitrogen use climbed about 5 percent, while 
phosphate use rose 4 percent and potash 3 percent. Nitro- 
gen, phosphate, and potash consumption increased to about 
80, 38, and 28 million metric tons. In 1989/90, world plant 
nutrient use rose an estimated 1 percent due to increased de- 
mand in the developing market economies of Latin America 
and Asia. 
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Table 12--World plant nutrient eupely and consumption 
for years ending June 3 


wee mm et ee mee eee we ee ee em ee ee em ee we em ee ee ee ew ee ee eee ee ee eee eee 


Plant 
nutrient 1988 1989 1/ 1990 1/ 
Million metric tons 
te eer 
supply: 
Neeroned 78.0 81.7 81.8 
Phosphate 5951 40.2 40.4 
Potash 30.1 31.0 30.4 
Total 3/ 147.2 152.9 152.6 
Consumption: 
Nieeocen 75.5 79.6 80.7 
Phosphate 36.7 38.1 38. 
Potash 2Tas 28.0 27.1 
Total 3/ 13925 145.7 145.8 


wot tem em me em me em ee BP ee me ee em eee ew ew ee ew ew ee ee eee ee ee eee ee eee 


1/ Projected. 2/ Production less industrial uses and 
losses in transportation, storage, and handling. 
3/ Totals may not add due to rounding. 


Source: (4, 5). 


World Trade Developments 


Existing nitrogen trade patterns should continue. Canada, 
Eastern Europe, and the USSR will continue to supply nitro- 
gen fertilizer to the United States, Western Europe, and Asia. 
Additional nitrogen fertilizer production in Canada and Trini- 
dad-Tobago will compete for a share of the already-crowded 


North American, West European, and Mediterranean mar- 


kets. Surplus nitrogen from the Near East will probably 
move to Asian markets. 


Phosphate production is expected to grow in most regions. 
Although U.S. consumption is stabilizing, world consump- 
tion will increase, tightening the supply-demand balance. 
Asia should have the most active trade, since countries in 
that region are expected to produce only a small share of the 
phosphate they need. The African and U.S. phosphate indus- 
tries will compete for this growing market. | 


Canada, Germany, Israel, and the USSR are the major potash 
exporters. Canadian exports are expected to outdistance 
those of other major exporters by further penetrating the 
large Indian and Chinese markets and continuing shipments 
to the United States. 


World Fertilizer Prices 


Intensified use of fertilizer in developing countries has in- 
creased world consumption, a trend forecast to continue in 
the 1990’s. World consumption rose by about 4.4 percent in 
1988/89, while available supply increased 3.8 percent. 
Heightened demand and the crisis in the Persian Gulf will 
tighten supplies and raise world prices in 1990/91 over fall 
1990 prices. The long-awaited resumption of Chinese and 
Indian demand, as well as strong U.S. import demand, will 
fuel upward price trends in the future. 


Global Projections to 1995 


According to 1990 forecasts of the Food and Agriculture Or- 
ganization/United Nations Industrial Development Organiza- 
tion/World Bank/Industry Working Group, world nitrogen, 
phosphate, and potash fertilizer consumption is expected to 
grow 8, 6, and 1 percent during 1990-95 (table 13). Fertil- 
izer production and use are projected to grow fastest in devel- 
oping countries and the centrally planned economies of Asia. 


In developed countries, consumption is expected to decline 2 
percent or expand less than 1 percent by 1995, down from 
earlier projections of over 10-percent growth. The reduction 
in the rate of growth in U.S. consumption forecasts assumes 
continuation of acreage setaside programs. Stable demand 
in Western Europe will also slow growth in world fertilizer 
use and curb nitrogen and phosphate production rates. North 
American potash exports to South America are expected to 
rise, supporting growth in U.S. and Canadian potash. produc- 
tion. Smaller potash production increases in Eastern Europe 
and the USSR could reduce those countries’ exports. 


In the developing countries, the supply potential for nitrogen 
and phosphate is expected to climb 16 and 24 percent by 
1995, but that for potash will decline by 3 percent. Con- 
sumption will be up by 24 percent. The rapid rise in con- 
sumption can be attributed to the goal of many developing 


Table 13--Projected 1990-95 change in world 
fertilizer supply and consumption 1/ 


Nitrogen Phosphate Potash 


wet mw eet ee em em me ee em em ee ew me teem ee ee ee ee eee wee ee ee ee meee eee 


Supply potential: 
eveloped market 


economies 3 =0 -1 
Developing market 

economies 24 16 =5 
Eastern Europe and 

the USSR 2 -0 re 
Centrally planned 

countries of Asia 8 16 40 

Total 9 5 1 

Consumption: 

Developed market 

economies =a 2 1 
Developing market 

economies 24 23 24 
Eastern Europe and 

the USSR 0 =5 ig 
Centrally planned 

countries of Asia 10 15 55 

Total 8 6 1 


1/ Detailed data in appendix table 8. 


Source: (4). 


countries to become self-sufficient in food and fertilizer pro- 
duction. 


Nitrogen demand growth in both Western Europe and the 
United States is uncertain. Plants that closed during the past 
several months may reopen in anticipation of higher prices 
resulting from tighter world supplies and the crisis in the Per- 
sian Gulf. 


Nitrogen production in the developed countries is expected 
to increase about 3 percent during the next 5 years, while 
both phosphate and potash production will slightly decrease. 
Most of the nitrogen increase will come from greater Cana- 
dian production. Higher phosphate fertilizer production in 
the United States will depend heavily on phosphate export 
potential. 


New and more efficient ammonia plants are scheduled to be 
completed during the next few years in Canada, Trinidad-To- 
bago, the United Kingdom, and Belgium. New urea plants 
are planned for Saudi Arabia, Indonesia, Bangladesh, India, 
Pakistan, Java, and China. Nitrogen production is expected 
to increase near natural gas reserves in Indonesia, India, 
Saudi Arabia, Mexico, and Trinidad-Tobago. Among cen- 
trally planned economies in Asia and in Eastern Europe, 
greater nitrogen production capacity will be limited mainly 
to those plants built in China. France, the Netherlands, and 
the United Kingdom are also expected to also expand produc- 
tion. 


This surplus of nitrogen production capacity will likely pro- 
vide sufficient supplies until the year 1995. However, the 
world will then need more production capacity; price in- 
creases will therefore be needed to make it profitable to ex- 
pand production to meet demand. 
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Africa, Asia, Oceania, and Western Europe are projected to 
have nitrogen deficits through 1995. Eastern Europe, Latin 
America, the Near East, and the USSR will have surpluses 
because countries like these, with plentiful natural gas re- 
sources, produce nitrogen fertilizer for export. 


Phosphate production will center primarily in the United 
States, the USSR, and Morocco during 1990-95. About 33 
percent of the phosphoric acid supply capability will be lo- 
cated in the United States, 20 percent in the USSR, and 10 
percent in Morocco. Increased phosphate production in 
India, China, Mexico, Tunisia, and Brazil will also add to 
world supplies. 


The developed countries and Africa are projected to have sur- 
pluses of phosphate fertilizer; the USSR, Asia, and Eastern 
Europe will be deficit areas, with Asia having the most acute 
shortage. 


Worldwide, phosphate rock capacity will be more than ade- 
quate to meet demand, with the main surplus areas being 


North America and Africa. Jordan and Morocco are major 
phosphate producers and have large capacity additions 
planned for the next 5 years. The USSR and India are fore- 
cast to be the world’s largest importers of phosphoric acid, 
accounting for an estimated 45 percent of world trade. 
China, Brazil, Mexico, and India will also remain significant 
importers of processed phosphates through the early 1990’s, 
since the excavation of new phosphate mines in those coun- 
tries will take a long time and their phosphate rock process- 
ing facilities have not been fully developed. 


Potash supply capability should be adequate into the next de- 
cade, but world potash production potential is expected to de- 
crease about 1 percent. The greatest surplus is forecast for 
North America, due to heightened Canadian production. Is- 
rael, Jordan, Brazil, Thailand, and China will add to world- 
wide capacity. Potash capacity in Western Europe may de- 
cline as mines close in Germany and France. Nor is any sig- 
nificant development expected for the next few years in 
Chile, the Congo, Ethiopia, Thailand, or Tunisia. 


Eastern Europe and the USSR will have major potash sur- 
pluses even though production has been reduced by over 1 
million tons during the reunification of Germany. Western 
Europe, Asia, Africa, and Latin America are projected to be 
deficit areas. 


Projected regional shares of world fertilizer supply and de- 
mand indicate a continued shift in production and use from 
the developed to the developing countries. The centrally 
planned countries’ share of world production will remain rel- 
atively constant through 1995 at around 46 percent for nitro- 
gen, 33 percent for phosphate, and 41 percent for potash. 
Their consumption of each nutrient will also remain about 
the same—35 to 44 percent (table 14). 
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Table 14--Projected regional shares of world fertilizer supply potential and demand for years ending June 30 


World 
regions 


Supply potential: 
Bevelo ed market economies 
North America 
Western Europe 
Oceania i 
Other countries 


-—==f0 
— =p 


nN 


Developing market economies 
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Latin America 
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Eastern Europe and USSR _ ¢ 
Centrally planned countries of Asia 


— 


nN 
Co OUIOU —=O-eWA 
nN 


aR CONN SUNUS 


—=n 
=r 
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nN 
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No 
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Phosphate Potash 
1990 1995 1990 1995 
Percent 
43.7 41.6 55.9 56.2 
24.4 23.9 3425 34.5 
12.6 Allee 17.4 tae 
Cate Zaid 0.0 0.0 
4.0 3.8 4.0 4.4 
2th 26.1 2.9 2.8 
10.2 Se 0.0 0.0 
4.8 4.7 0.2 0.0 
8.8 57, 2.6 2.8 
24.3 23.1 41.0 40.7 
8.3 el 0.2 0.3 
31.4 28.9 42.5 42.3 
Nes 10.9 18.8 18.8 
NSS lead 20.1 19.7 
S25 3.3 0.9 a0) 
Gait at Cats 2.8 
26.3 30.4 18.1 eee 
Ned 2.3 164 1.4 
6.8 Tete 7.9 955) 
17.8 20.5 9.1 Adis 
Mlle 24.7 33.3 27.4 
14.7 15.9 6.1 8.0 


Source: (4). 
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Pesticides 
Consumption 


Total farm pesticide use on the major field crops is projected 
at 481 million pounds active ingredients (a.i.) in 1991, up 3 
percent from a year earlier (table 15). Planted acreage for all 
crops will likely rise, except wheat and perhaps barley, oats, 
and grain sorghum. 


Herbicides account for 84 percent of total pesticide use, 
while insecticides make up 13 percent. The 12.2-million- 
pound a.i. rise in herbicide use expected in 1991 can largely 
be attributed to an expansion of 4 percent in corn acreage 
and 1 percent for soybeans. Corn and soybeans account for 
82 percent of herbicide use. 


Insecticide use in 1991 is expected to be up 6 percent from a 
year earlier, largely on the strength of a projected 18-percent 
increase in planted cotton acreage. Fungicide use for major 
field crops is expected to remain stable, with the most pound- 
age being used in peanut production. 


1990 Pesticide Use 


Corn 


Herbicides were used on 95 percent of the surveyed com 
acreage in 1990 (table 16). South Dakota and Wisconsin 
farmers treated the fewest acres for weed control at 87 and 


88 percent. 


Table 15--Projected pesticide use on major U.S. field 
crops, 1991 
Herbi- Insecti- Fungi - 
Crops 1/ cides cides cides 


ROW crops: 
Corn 228.9 28.3 0.06 
Cotton 22.0 21.4 0.22 
Grain sorghum ia 1.8 0.00 
Peanuts 6.4 1.4 6.32 
Soybeans 105.4 9.2 0.06 
Tobacco ee 2.8 0.37 
Total Sono 64.9 7.03 
Small grains: 
Barley and oats 4.4 0.1 0.00 
Rice 12.6 ‘O)5) 0.07 
Wheat 14.1 1.9 0.78 
Total Sle 2:5 0.85 
1991 total 406.1 67.4 7.88 
1990 total 393.9 63.5 7.96 


1/ See table 1 for crop acreage. 


In the 10 surveyed States, an average of 1.4 herbicide treat- 
ments were made to control weeds. A single herbicide treat- 
ment was used on 59 percent of the acreage and 2 treatments 
on 32 percent. Iowa with 44 percent and Minnesota with 42 
percent had the highest proportion of corn acreage treated 
twice. 


Atrazine used alone or in combination with other active in- 
gredients was the most commonly used herbicide material, 
included in 45 percent of the acre-treatments. Atrazine + al- 
achlor was the most commonly used combination mix, ac- 
counting for 10 percent of the acre-treatments. Both active 
ingredients control a large number of broadleaf and grass 
weeds and when applied in combination the control spec- 
trum is broadened. Atrazine + metolachlor, as well as al- 
achlor, atrazine, and metolachlor alone, were also widely 
used throughout the area. Metolachlor is from the same 
chemical family as alachlor. 


EPTC accounted for 20 percent of the acre-treatments in 
South Dakota and 17 percent in Minnesota. EPTC controls 
many annual grasses, especially wild proso millet, a major 
problem in the northern Corn Belt. It is also more biologi- 
cally active at low soil temperatures than many other pre- 
plant herbicide materials. 


Minnesota and South Dakota treated much of their corn acre- 
age with dicamba, 2,4-D, or a combinations of dicamba + 
2,4-D. These materials are applied postemergence for broad- 
leaf weed control. 


Insecticides were used on 32 percent of the corn acreage in 
1990 (table 17). Insecticide use was greatest in Nebraska, 
where 51 percent of the corn acreage was treated. In con- 
trast, Minnesota and South Dakota farmers treated only 14 
and 12 percent of their corn acreage. In Nebraska, corn root- 
worm larvae can be a problem because about two-thirds of 
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Table 16--Selected herbicides used in corn production, 1990 


Item IL IN IA MI 
1,000 acres planted 1/ 10700 5600 12800 2400 
1,000 acres treated with 
herbicides 10519 5448 12133 2263 
Percent of acres treated: 98 97 95 94 
With 1 treatment 61 71 47 ake 
With 2 treatments 55 24 44 16 
With 3 or more 2 2 4 1 
Average acre-treatments 1.39 1.29 1.56 1.20 
1,000 acre-treatments 14583 7010 18867 2709 
Acre-treatments by 
active ingredient: 2/ 
Single materials-- 
Alachlor 10 5 9 3 
Atrazine 6 7 4 19 
Bromoxynil 2 nr 3 nr 
Cyanazine 2 2 2 nr 
Dicamba 5 5 5 3 
EPTC 4 1 8 1 
Metolachlor 11 4 17 3 
ae 5 3 5 4 
Other 5 5 4 5 
Combination mixes-- 
2,4-D + dicamba zZ 1 4 nr 
Atrazine + alachlor_ il 26 a) 15 
Atrazine + bromoxynil 2 1 8 3 
Atrazine + butylate 4 6 nr 3 
Atrazine + cyanazine 8 7 7 5 
Atrazine + dicamba 7 5 4 nr 
Atrazine + metolachlor 13 12 6 15 
Atrazine + others 3 2 4 5 
Other 2-way mixes 1 e 4 5 
3-way mixes 4 6 3 13 


nr = None reported. 


1/ Preliminary. 2/ Spot treatments not included. 


Table 17--Selected insecticides used in corn production, 1990 


an a 
DO -NUANMEN 
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UTUTO OW SII 09 08 


= 


UBWORANWOP 


Item TE IN IA MI 
1,000 acres planted 1/ 10700 5600 12800 2400 
1,000 acres treated with 
Insecticides 3928 2038 4324 651 
Percent of acres treated: oN 36 34 27 
With 1 treatment 34 36 33 26 
With 2 treatments 3 0 1 1 
With 3 treatments 0 0 0 0 
Average acre-treatments 1.08 1.03 1.02 1.05 
1,000 acre-treatments 4244 2095 4389 686 


Acre-treatments by 
active ingredient: 2/ 


Carbofuran 0 4 3 20 
Chlorpyrifos 20 15 22 20 
Fonofos | 15 16 12 20 
Permethrin 6 3) 5) 5 
Phorate 3 4 9 10 
Telfuthrin 6 11 2 5 
Terbufos 33 44 47 15 
Other 9 2 2 5 
Total 100 100 100 100 


enacts 
26 

5 

16 


nr = None reported. * = Less than 1 percent 


1/ Preliminary. 2/ Spot treatments not included. 
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Item IL 
1,000 acres planted 1/ 9200 
1,000 acres treated with 
herbicides 9095 
Percent of acres treated: 99 
With 1 treatment 50 
With 2 treatments 44 
With 3 or more 2) 
Average acre-treatments 1.54 
1,000 acre-treatments 14009 


Acre-treatments by 
active ingredient: 2/ 
Single materials-- 

Alachlor 
Bentazon 
Chloramben 
Chlorimuron 
Clomazone 
Ethalfluralin 
Fluazifop-P-butyl 
Imazaquin 
Imazethapyr 
Metolachlor 
Metribuzin 
Pendimethalin 
Quizalofop-ethyl 
Sethoxydim 
Trifluralin 
Other 


= — 


WNVFRAIW FRG APVUIAW #—P— 


—_ 


Combination mixes-- 
Trifluralin + alachlor 
Trifluralin + clomazone 
Trifluralin + imazaquin 
Trifluralin + metribuzin 
Metribuzin + alachlor 
Metribuzin + chlorimuron 
Metribuzin + metolachlor 
Acifluorfen + bentazon 
Alachlor + linuron n 
Chlorimuron + thiameturon-methyl 
Imazaquin + pendimethalin 
Other 2-way mixes 
Other combinations 1 


WOW 35 & EM F¥—WNW 


nr = None reported. * = Less than 1 percent. 


1/ Preliminary. 2/ Spot treatments not included. 


the corn acreage is irrigated and a high proportion is planted 
to corn every year, allowing a buildup of the pest. In Minne- 
sota and South Dakota, more of the corn acreage is rotated 
with other crops, including small grains, thus reducing corn 
rootworm problems. 


Insecticides are generally applied at planting for corn root- 
worm larvae control. Insecticides are also used to control 
cutworms and European com borers. Terbufos (38 percent) 
and chlorpyrifos (20 percent) were the most commonly used 
insecticides. 


Soybeans 


In 1990, 97 percent of the northern and 93 percent of south- 
em soybean acreage in the surveyed States were treated with 
herbicides (tables 18 and 19). In the northern soybean re- 
gion, farmers applied 1.5 treatments per acre, compared with 
1.6 treatments per acre in the southern region. Normally, the 
difference between the two regions is larger, but this past 


98 97 99 91 94 93 97 
64 41 46 15 68 15 56 
30 49 44 13 26 14 36 
4 i 3 0 4 5 


Percent 
4 3 5 4 6 3 3 
5 7 10 1 2 2 if 
i] 1 2 1 nr 2 1 
1 3 nr 3 4 2 2 
4 2 nr 4 5 1 2 
1 5 3 nr nr 2 3 
3 2 2 1 1 1 2 
1 * * 8 2 2 1 
5 12 20 6 7 3 9 
4 fl nr 3 1 3 2 
1 1 1 1 2 nr 1 
1 4 5 4 4 1 3 
nr 2 2 nr nr nr 1 
2 3 2 1 nr 4 3 
5 24 26 11 21 2 16 
5 4 5 3 4 3 4 
nr 2 3 nr nr nr 2 
2 5 1 1 6 nr 2 
2 nr 1 8 2 nr 2 
1 3 2 1 5 2 2 
1 * 1 nr nr 4 1 
4 * nr 2 2 6 2 
2 * nr * - 4 1 
4 2 2 1 1 2 3 
4 nr 1 nr 1 2 1 
1 5 1 nr 1 nr 2 
3 nr or 16 3 5 3 
11 5 2 9 12 16 8 
21 5 2 12 10 29 12 
100 100 100 100 100 100 100 


year frequent rains disrupted weed control programs in the 
southern region, resulting in fewer herbicide treatments. 


In the northern region, Iowa and Minnesota had the highest 
number of treatments per acre at 1.6. Farmers in these States 
typically use a preemergence herbicide and follow it with a 
postemergence application if additional weed problems 
arise. In the southern region, Georgia and North Carolina 
had the fewest treatments per acre at 1.3. In North Carolina 
a large proportion of the soybean acreage is double cropped 
with winter wheat. Because the soybeans are planted di- 
rectly into the wheat stubble, less soil is disturbed and the 
leaf canopy is rapidly established, shading the ground and 
thereby inhibiting weed seed germination. In Georgia, 
drought conditions existed in 1990 making it less profitable 
to apply herbicides for weed control. 


In the northern soybean region, trifluralin applied alone or in 


combination with other herbicides was the most commonly 
used material. Applied preplant incorporated, it controls 
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Table 19--Selected herbicides used in southern soybean production, 1990 


Item AR GA KY LA MS NC TN Area 
1,000 acres planted 1/ 3100 900 1250 1800 2100 1400 1300 11850 
1,000 acres treated with 
herbicides 2693 824 1250 1733 1925 1308 1290 11023 
Percent of acres treated: 87 92 100 96 92 93 99 93 
With 1 treatment 50 63 49 43 40 in Bila 49 
With 2 treatments 29 29 41 41 39 15 51 35 
With 3 or more 8 0 10 12 13 7 11 9 
Average acre-treatments lee 1.32 1.64 1.69 1.78 1.31 Weta 1.60 
1,000 acre-treatments 4096 1089 2049 2933 3422 1717 2282 17588 
Acre-treatments by 
active ingredient: 2/ Percent 


Single materials-- 


Acifluorfen 3 nr nr 3 1 3 3 2 
Alachlor 1 3 3 nr 1 17 35 3 
Bentazon 3 nr 2 1 3 1 2 2 
Chlorimuron 3 9 1 5 6 6 6 5 
Clomazone nr nr nr 5 2 1 nr 1 
Fluazifop-P-butyl 1 nr 12 ite 1 nr 8 4 
Fomesafen 2 1 2 4 1 nr nr 2 
Glyphosate 1 nr 5 4 2 1 1 2 
Imazaguin 13 nr 3 4 6 2 15 7 
Lactofen 3 1 . nr 1 1 1 1 
Metolachlor 6 1 1 5 1 nr nr 3 
Metribuzin 6 20 1 4 6 1 5 
Pendimethalin 7 172 - 1 5 1 3 4 
Sethoxydim 2 2 1 1 2 4 1 2 
Trifluralin 22 25 9 10 19 7 21 16 
Other 5 4 9 5 8 9 4 6 
Combination mixes-- 
Acifluorfen + bentazon 4 nr 4 3 5 2 2 Ss 
Acifluorfen + imazaquin 1 nr 2 1 2 1 2 1 
Alachlor + glyphosate nr nr 6 nr 1 8 * 2 
Fiuazifop-P-butyl + fomesafen 1 1 2 5 2 1 2 2 
Imazaquin + pendimethalin 5 2 1 8 4 10 5 5 
Imazaquin + trifluralin 6 nr 6 3 5 4 nr & 
Metribuzin + chlorimuron 1 1 1 1 2 nr 3 1 
Metribuzin + trifluralin 1 5 nr 3 nr 1 3 1 
Other 2-way mixes 2 11 15 11 9 11 7 8 
Other combinations 3 15 7 6 10 9 7 
Total 100 100 100 100 100 100 100 100 
nr = None reported. * = Less than 1 percent. 
1/_ Preliminary. 2/ Spot treatments not included. 
many broadleaf and grass weeds. Imazethapyr, a newly reg- Cotton 
istered active ingredient, was second in importance, with a 
bentazon third. Imazethapyr controls a variety of broadleaf Herbicides were used on 94 percent of the cotton acreage in 
and grass weeds and may be applied preplant, preemergence, 1990, ranging from 100 percent in Louisiana and Mississippi 
or postemergence. Its mode of action involves uptake by to 86 percent in California (table 20). On average, cotton 
weed roots and/or foliage. Therefore, it controls existing farmers applied 2.1 herbicide treatments per acre. Treatment 
weeds as well as germinating weeds. Bentazon is applied frequency ranged from 3.6 to 4.1 in the Delta States to 1.3 in 
postemergence and controls many broadleaf weeds including California and Texas. The severe weed pressure in the Delta 
cocklebur, jimsonweed, and velvetleaf. It may be used in 1S demonstrated by the large proportion of the cotton acreage 
combination with other broadleaf and/or grass herbicides to receiving 3 or Or herbicide treatments per season. In 
broaden the control spectrum. Texas and the irrigated West, 1 or 2 herbicide treatments are 
the norm. 
Trifluralin, applied as a single active ingredient, was the o 
most commonly used material in the southern region, ac- Of the herbicides applied as single ingredients, trifluralin 
counting for 16 percent of the acre-treatments. Imazaquin, a was the most commonly used (29 percent). Fluometuron 
broadleaf herbicide, was second in importance (7 percent) was used extensively in the Delta and pendimethalin and pro- 
and can be applied preplant, preemergence, or postemerg- metryn in Texas and the West, indicating varying weed prob- 
ence. Thirteen other active ingredients were applied alone, lems among regions. Combination mixes accounted for 27 
with none garnering more than 5 percent of the acre-treat- percent of the acre-treatments, but no single combination ac- 
ments. Several combination mixes were used but none domi- counted for more than 4 percent. MSMA was included in 
Soret many of the combination mixes and was applied as a 
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Table 20--Selected herbicides used in cotton production, 1990 


1,000 acres planted 1/ 


1,000 acres treated with 
herbicides 


Percent of acres treated: 
With 1 treatment 
With 2 treatments 
With 3 treatments 
With 4 treatments 
With 5 treatments 
With 6 or more 


Average acre-treatments Sn 


1,000 acre-treatments 


Acre-treatments by 
active ingredient: 2/ 
Single materials-- 

Cyanazine 
Diuron 

DSMA 
Fluazifop-P-butyl 
Fluometuron 
Methazole 
MSMA 
Norflurazon 
Pendimethalin 
Prometryn 
Trifluralin 
Other 


Combination mixes-- 
chpeceoe + MSMA 
Fluometuron + MSMA 
Fluometuron + norflurazon 
Methazole + MSMA 
Norflurazon + pendimethalin 
Prometryn + MSMA 
Trifluralin + norflurazon 
Trifluralin + prometryn 
Other 2-way mixes 
3-way mixes 


nN 
RH WUINVIWNW PN O 


MOT OUIUTIUIPD SO 


LA MS TX AZ CA Area 
780 1200 5600 340 1050 9730 
780 1200 5203 314 903 9136 
100 100 93 92 86 94 

2 6 65 47 59 48 

14 11 26 37 26 23 

22 20 2 5 1 

43 28 0 3 0 8 

13 20 0 0 0 5 

6 15 0 0 0 5 
3.69 4.08 1.30 1.59 les2 2eOT 
2881 4896 6774 499 1190 18904 

Percent 

4 8 nr 6 16 5 

5 3 2 1 nr 5 

2 2 x nr nr 1 

1 1 1 2 1 1 

qe 17 1 2 nr 11 

2 2 * nr nr 1 

5 2 * nr nr 2 

3 4 * nr nr 2 

2 2 11 22 24 7 

5 3 13 15 9 8 

8 8 63 12 37 29 

4 2 2 8 3 

5 ta nr 1 nr 4 

4 6 nr nr nr 3 

4 5 nr nr nr 2 

1 1 nr nr nr 1 

2 5 1 nr nr 2 

T 7 nr 2 nr 5 

4 7 nr ar nr 3 

nr nr * 22 5 1 

12 10 4 12 1 i 

3 2 nr nr nr 1 

100 100 100 100 100 100 


nr = None reported. * = Less than 1 percent. 


1/ Preliminary. 2/ Spot treatments not included. 
postemergence directed spray. With directed sprays, drop 
nozzles are used to place the herbicide material under the 
leaf canopy in the crop row. 


Wheat 


Herbicides were used on 34 percent of the winter wheat acre- 
age in the surveyed States in 1990 (table 21). Washington 
and Montana treated over 80 percent of the winter wheat 
acreage with herbicides while in the Corn Belt it ranged 
from 10 to 20 percent. In Washington, winter annual broad- 
leaf and grass weeds are a problem and must be controlled 
during mild portions of the winter. In Montana winterkill 
thins wheat stands and invading weeds must be controlled to 
prevent additional yield losses. 


Chlorsulfuron and 2,4-D were the two most commonly used 
herbicides. Chlorsulfuron, registered in 1982, controls broad- 
leaf and grass weeds and can be applied either pre- or 
postemergence. In contrast, 2,4-D controls only broadleaf 
weeds and is applied postemergence. Chlorsulfuron gained 
rapidly in popularity and by 1988 accounted for 49 percent 
of the herbicide acre-treatments in winter wheat production 


but by 1990 dropped to 23 percent. The reason for the drop 
is that weeds resistant to chlorsulfuron have been identified, 
kochia and Russian thistle, and farmers have been urged to 
rotate chlorsulfuron with other herbicide materials to slow 
the development of resistance in other weed species. 


In States producing spring wheat and durum, herbicide use 
ranged from a low of 77 percent in South Dakota to a high of 
99 percent in Minnesota (table 22). Generally spring wheat 
growers apply herbicides once, but in Minnesota and North 
Dakota about 20 percent of the acreage received 2 treat- 
ments. In durum wheat production over one-third of the 
acreage in North Dakota received 2 herbicide treatments. 
The number of treatments for effective weed control de- 
creases from East to West because weeds are more of a prob- 
lem in higher rainfall areas. 


The most commonly used herbicides on both crops were 
2,4-D, MCPA, and a combination of 2,4-D + dicamba. 
These materials are applied postemergence and control a 
wide range of broadleaf weeds. Trifluralin was used exten- 
sively in durum wheat production for foxtail control. 
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Table 21--Selected herbicides used in winter wheat production, 1990 


Item AR co Ie KS MO MT NE OH OK sD ™ WA Area 
1,000 acres harvested 1/ 1300 2550 1950 11800 2000 2600 2250 1350 6300 1700 4200 2200 40200 
1,000 acres treated with 

herbicides 317 627 342 2890 167 2159 1101 131 1769 869 1250 1858 13480 
Percent of acres treated: 24 25 18 24 8 83 49 10 28 51 30 84 34 

With 1 treatment 24 23 16 22 8 73 45 10 28 49 28 74 31 

With 2 or more 0 2 2 2 0 10 4 0 0 2 2 10 3 
Average acre-treatments 1200 “Ve10 1205. 12078 61200) 1813) 11.08) 1-00.) 100105 1 OGumten anne .074 
1,000 acre-treatments 317 690 359 3090 167 2432 1185 131 1769 893 1320 2090 14443 
Acre-treatments by 

active ingredient: 2/ Percent 

Single materials-- 

4-D 43 41 nr 15 16 30 58 57 4 16 19 19 23 
Chlorsul furon nr 5 nr an nr nr nr nr 83 5 a2 nr 23 
Dicamba nr nr nr 5 nr 1 7 nr nr nr 1 1 2 
MCPA nr nr nr 1 nr 1 nr 43 2 nr 4 4 2 
Metsul furon nr 18 nr 1 nr 10 7 nr nr 22 4 ne 5 
Other 6 nr 4 1 20 6 2 nr nr 5 4 11 4 

Combination mixes-- 
2,4-D + chlorsulfuron nr nr nr 15 nr 6 nr nr 4 nr nr nr 5 
2,4-D + dicamba nr 9 ne 3 ner 5 5 nr nr 8 1 5 
2,4-D + glyphosate nr nor nr 1 nr n nr nr 3 4 1 1 
2,4-D + metsul furon nr 20 nr nr ner 18 16 nr nr 32 4 nr 8 
Dicamba + metsulfuron nr nr nor 1 nr 1 nr nr nr nr 45 or 5 
Thifensulfuron + tribenuron 51 5 96 nr 48 nr nr nr nr 3 nr 1 5 
Other 2-way mixes nr 4 nr 3 nr 10 2 nr 7 3 2 14 6 
3-way mixes nr nr nr 3 16 nr nr ne 3 nr 48 8 
Total 100 100 100 100 100 100 100 100 100 100 100 #100 100 
nr = None reported. 
1/ Preliminary. 2/ Spot treatments not included. 
Table 22--Selected herbicides used in spring wheat production, 1990 
Spring wheat Durum 
Item MN MT ND SD Area ND 
1,000 acres planted 1/ 2800 2800 8000 2200 15800 3100 
1,000 acres treated with 
herbicides 2761 2450 7402 1692 14305 2814 
Percent of acres treated: 99 88 93 7 91 91 
With 1 treatment 78 85 71 71 76 ot 
With 2 treatments 21 5 18 6 14 36 
With 3 or more 0 0 4 0 1 2 
Average acre-treatments 1.21 1.04 fe2o 1.08 1.20 1.45 
1,000 acre-treatments 3352 2538 9495 1819 17204 4078 
Acre-treatments by 
active ingredient: 2/ 
Single materials-- 

4-D 20 28 24 19 23 18 
Chlorsul furon 1 3 nar nr 1 nr 
Dicamba nr nr 2 iG 2 2 
Diclofop-methyl nr nr 3 2 2 2 
Di fenzoquat 1 nr 2 nr 1 nr 
Imidazolinone ta 2 1 nr 1 1 
MCPA 14 nr 12 12 10 14 
Metsul furon nr 3 ne 5 1 1 
Triallate (f 2 2 nr 3 4 
Tribenuron nr nr 3 nr 2 nr 
Trifluralin 4 nr 6 2 4 19 
Other 1 nr 1 7 1 1 

Combination mixes-- 

2,4-D + chlorsul furon or 9 1 nr 2 or 

2,4-D + clopyralid 4 nr 1 5 2 nr 

2,4-D + dicamba 2 21 13 12 ne 11 

2,4-D + metsul furon nr 24 2 2 5 6 

2,4-D + tribenuron nr nr 2 2 1 2 

MCPA + bromoxynil 15 nr 5 5 5 i 

MCPA + chlorsul furon nr 2 2 or 1 nr 

MCPA + dicamba 5 3 6 7 5 6 

Thifensulfuron + tribenuron 2 nr 3 5 3 1 

Triallate + trifluralin 1 nr 2 nr 1 5 

Other 2-way mixes 11 3 5 5 6 6 

2,4-D + thifensulfuron + tribenuron ar nr 1 2 1 1 

MCPA + thifensulfuron + tribenuron 2 nr 1 2 1 1 

Pepoaeeiomeerits + 2,4-D + MCPA 1 nr 4 nr 2 nr 

Other 3 way-mixes 8 nr 1 nr 2 1 
Total 100 100 100 100 100 100 


ee Oe 6 OSE OO 8 OO OOO BOS OOOO OOO Oe OS OES ORS SS OS SOS SOOO OOS BBO w es See een ewe Bees eE Etec ees esocc es eee nee seeeeeceneecus 


nr = None reported. 


1/ Preliminary. 2/ Spot treatments not included. 





Regulatory Issues 


Current pesticide regulatory concerns are focused on food 
safety, water quality, and avian mortality. Fungicides used 
on fruits and vegetables constitute a major food safety con- 
cern. 


In 1989, the Environmental Protection agency (EPA) pro- 
posed canceling the registrations of EBDC fungicides 
(maneb, mancozeb, metiram, and zineb) for use on 45 of 55 
fruit and vegetable crops representing 90 percent of current 
use. In September of that year, the leading manufacturers 
voluntarily suspended EBDC registrations for 42 of the 45 
crops. The three remaining uses at issue were tomatoes, po- 
tatoes, and bananas. EPA’s preliminary determination pro- 
poses canceling these three uses while leaving registrations 
in effect for almonds, asparagus, cranberries, figs, grapes, on- 
ions, peanuts, Sugarbeets, sweet corn, and wheat. 


In October 1990, EPA proposed canceling all granular for- 
mulations of carbofuran (a soil insecticide and nematicide), 
because of their association with avian mortality. This pesti- 
cide is used mainly on corn, sorghum, rice, and peanuts, but 
it is also important in the production of some fruit and vege- 
table crops. 


Groundwater contamination is the major issue in EPA’s re- 
view of the insecticide aldicarb, and the herbicide alachlor. 
Aldicarb is used in cotton, peanut, potato, and tobacco pro- 
duction; alachlor is important in corn and soybean produc- 
tion. 


Tillage Systems 


Tillage systems and the amount of previous crop residue re- 
maining after planting are important indicators of soil ero- 
sion potential. The conservation compliance provisions of 
the 1985 Food Security Act (FSA) require farmers by 1995 
to protect highly erodible land (HEL) through the implemen- 
tation of conservation practices, or become ineligible for 
farm program benefits. The FSA states that a field desig- 
nated as HEL must have a conservation plan approved by 
1990 and that the plan must be fully implemented by 1995. 
To meet these requirements, a change in crop rotation, a 
change in tillage system, the addition of a conservation prac- 
tice (such as contouring), and/or the installation of perma- 
nent structures (such as terraces) may be recommended. In 
many situations, changing tillage systems may be all that is 
needed. 


The tillage system employed influences the types and levels 
of other input use. Labor and fuel inputs are reduced by till- 
age systems that require fewer trips over the field. On the 
other hand, a no-till system planting into alfalfa, grass, or a 
cover crop may include an extra herbicide application to kill 
the vegetation; in addition, increased fertilizer levels are 
sometimes recommended. 


For erosion control purposes, a conservation tillage system is 
defined as one that leaves 30 percent or more of the soil sur- 
face covered with residue after planting. Less than 30 per- 
cent of the 1990 crop acreage surveyed meets this criterion, 
a Statistic that may have implications for the amount of land 
that would currently meet conservation compliance restric- 
tions. Producers farming HEL acres that don’t currently 
meet the 30-percent residue level may have to change their 
tillage systems or risk losing farm program benefits. 


Tillage system designations for 1990 were determined from 
estimates of residue remaining after planting. The percent of 
residue remaining was estimated from the level of previous 
crop residue and the incorporation rates of the tillage imple- 
ments. For this report, the percent of residue remaining after 
planting was assumed to be evenly distributed over the soil 
surface. 


Different tillage systems leave significantly different residue 
levels. Therefore, the type of tillage system directly affects 
erosion potential and water quality. In general, conventional 
tillage systems without the moldboard plow leave less than 
one-half as much residue after planting as mulch-till sys- 
tems. Time spent in tilling the soil is related to the number 
of times the farmer goes over the field, as well as to imple- 
ment size and tractor speed. For example, under conven- 
tional tillage without a moldboard plow, the number of 
passes over the field varies from an average of 3.4 for corn 
to 6.2 for cotton, compared with 3.8 for corn and 6.6 for cot- 
ton with the moldboard plow. Less tillage time permits fuel 
and labor savings. 


Of the acreage planted to the major crops, currently less than 
25 percent is tilled with a moldboard plow, which leaves 
about 2 percent of the residue from the previous crop. A no- 
till system is used on 12 percent or less, depending on the 
crop. Most of the acreage is cropped with conventional till- 
age without the moldboard plow, a system that leaves less 
than 30 percent residue on the soil surface after planting. 


Corn 


Tillage systems used in 1988, 1989, and 1990 corn produc- 
tion in the 10 major producing States appear to indicate a 
trend toward the use of conservation tillage systems (table 
23). A corresponding increase is indicated in the average 
percent of soil surface covered with residue. At the same 
time, a corresponding decrease is indicated in the numbers of 
hours per acre and times over the field for tillage operations. 


Tillage systems varied greatly among the 10 major produc- 
ing States (table 24). Wisconsin had the highest use of the 
moldboard plow—S0 percent—to accommodate the com/al- 
falfa rotations needed to support dairy farming. This was 
down from 64 percent in 1989. In Nebraska, the moldboard 
plow was used on only about 5 percent of the corn acres. 
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Table By laitege systems used in corn production, 1988, 1989, 


Category 1988 1989 1990 1/ 
Planted acres (1,000) 53,200 57,900 58,800 
Percent of acres 2/ 
Tillage: 
Conv/w mbd plow 3/ 20 19 17 
Conv/wo mbd plow 4/ 60 59 57 
Mulch-till 5/ 14 Nt 18 
No-till 6/ te 5 9 


Residue remaining Percent of soil surface covered 


after planting: 


Conv/w mod plow 2 2 2 

Conv/wo mod plow 16 16 16 

Mulch-till 38 38 38 

No-till 60 64 64 

Average 19 19 22 
Number 


Hours per acre: 
Conv/w mbd plow 8 
Conv/wo_ mbd plow 4 
Mulch-till 3 
No-till aI 
5 


Average 


Times over field: 
Conv/w mbd plow 
Conv/wo mbd plow 
Mulch-till 
No-till 


Average 

1/ Preliminary. 2/ May not add to 100 due to rounding. 
3/ Conventional tillage with moldboard plow--any tillage system 
that includes the use of a moldboard plow and has less than 30 
percent residue remaining after pace 4/ Conventional 
tillage without moldboard plow--any tillage system that has 
less than 30 percent Ce residue and does not_use a 
moldboard plow. 5/ Mulch-tillage--system that has 30 percent 
or greater remaining residue after planting and is not a 
no-till system. 6/ No-tillage--no residue- incorporating 
tillage operations performed prior to Beene ees allows passes 
of nontillage implements, such as stalk choppers. 


Table 24-Tillage systems used in corn production, 1990 


Nebraska does not have a preponderance of wet/heavy soils 
which require fall plowing. Furthermore, it has a more seri- 
ous wind erosion problem than the other corn producing 
States. 


Among the 10 States, a moldboard plow was used on 17 per- 
cent of the 1990 corn acres, and no-till systems were used on 
9 percent. At 15 to 18 percent, Nebraska, Ohio, and Mis- 
souri had the highest proportion of acres under no-till, a fig- 
ure that may reflect increased concern with erosion and re- 
lated environmental effects. Missouri and Nebraska had the 
highest average residue levels, due to the prevalence of till- 
age systems without the moldboard plow. The residue cover- 
age was similar across all States. 


Soybeans 


Soybean production also indicates a trend toward conserva- 
tion tillage systems (tables 25 and 26). The 14 major soy- 
bean producing States were divided into the northern and 
southern areas. The northern area reported 23 percent of its 
acres using conventional tillage with a moldboard plow in 
1990, compared with only 4 percent in the southern area. In 
contrast, 78 percent of southern area acreage used conven- 
tional tillage without the moldboard plow, compared with 51 
percent of the northern area. Mulch tillage was more pre- 
dominant in the northern than the southern area (21 vs. 7 per- 
cent), while no-till acreage was more prevalent in the south- 
em area (12 vs. 6 percent). 


wee me eee ee me me ee eee eee ewe ee ew ee ee me we ee ee ee eee ee eee eee ee wee ee ee ee ee eee ee ee ee eee ee ee ee ee ee ee ee ee ee mee ee eee ee ee ee me eee news 


Category IL IN IA MI 
Planted acres (1,000) 3/ 10,700 5,600 12,800 2,400 
Tillage system: 
Conv/w mbd plow 5/ 8 15 13 i, 
Conv/wo mbd plow 6/ 68 59 59 49 
Mulch-till 7/ 14 14 22 8 
No-till 8/ 9 11 5 7 
Residue remaining 
after planting: 
Conv/w mbd plow 2 2 2 2 
Conv/wo mbd plow 14 16 18 17 
Mulch-till 38 37 38 36 
No-till 66 68 65 73 
Average 22 23 23 nia 
Hours per acre: 
Conv/w mbd plow 5 9 -6 i) 
Conv/wo mbd plow 4 4 24 “9 
Mulch-till = 3 3 3 
No-till 1 ae 1 a 
Average 4 4 4 a) 
Times over field: 
Conv/w mbd plow 3.6 4.0 3.9 3.6 
Conv/wo mbd plow 35) 3.4 S22 3.6 
Mulch-till Zo 2a 2.4 Bie 
No-till 150 let le 1.0 
Average se Sal 3.0 3.4 


MN MO NE 1/ NE 2/ OH sD WI Area 
6,700; 425100" 92,395) 95,505" 3,700 93,400) 3,700), 358,800 
Percent of acres 4/ 
24 6 5 2 31 12 50 17 
56 37 55 64 39 61 39 Bite 
16 43 22 19 14 25 8 18 
3 15 18 15 15 5 5 9 
Percent of soil surface covered 
2 2 3 2 (2 3 2 2 
15 19 18 16 17 18 19 16 
35 41 40 38 39 40 41 38 
52 67 61 60 64 id id 64 
16 35 30 26 23 23 14 22 
Number 

6 at Ab 5 8 2 9 wt 
4 aS 4 4 5 4 ai «4 
oo -2 aS eS 4 .3 «4 a8) 
ne i et se 2 id id 2 
4 4 “3 4 a 4 8 4 
4.0 4.0 S50 S25) 3.9 sae a) 3.8 
3.6 3inD Sie S25 3:3 Si ei 3.4 
2a 2.4 2n9 2.9 eats 2.5 2.8 2.6 
159 1.0 a 1.5 1.0 id id lo 
a5 2.1 2.6 Sen Sat 2.9 3.8 Sal 


id = Insufficient data. 


1/ Nonirrigated. 2/ Irrigated. 


3/ Preliminary. 


4/ May not add to 100 due to rounding. 


5/ Conventional tillage with 


moldboard plow--any tillage system that includes the use of a moldboard plow and has less than 30 percent residue 


remaining after planting. 


performed prior to planting; a 
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ter i 6/ Conventional tillage without moldboard 

percent remaining residue and does not use a moldboard plow. 

remaining residue after piant ind and is not a no-till system. 
° 


WS passes of nontillage implements, such as stalk choppers 


low--any tillage syste that has less than 30 
7/ Mulch-tillage--system that has 30 percent or greater 
8/ No-tillage--no residue-incorporating tillage operations 








Table 25--Tillage systems used in north i 
19. y 5990 ern soybean production, 


88, 198 
Category 1988 1999 °~CO 1990 1/ 
Planted acres (1,000) 36,550 37,750 36,400 
; Percent of acres 2/ 
Tillage: 
Conv/w mbd plow 3/ 28 26 23 
Conv/wo mbd plow 4/ 55 51 51 
Mulch-till 5/ 14 18 21 
No-till 6/ 3 4 6 


Residue remaining 


i Percent of soil surface covered 
after planting: 


Conv/w mbd plow 2 2 2 
Conv/wo mbd plow 17 17 17 
Mulch-till 39 37 38 
No-till 65 67 74 
Average 17 19 19 
Number 
Hours per acre: 
Conv/w mbd plow tn mh 6 
Conv/wo mbd plow -5 ES 5 
Mulch-till 3 4 a) 
No-till -1 2 ne. 
Average ae} 5 5 
Times over field: 
Conv/w mbd plow 4.2 4.3 4.2 
Conv/wo mbd plow 4.0 4.1 4.1 
Mulch-till 3.1 3.4 Sa 
No-till 1.0 W2 1.1 
Average so 3.9 Saf, 


1/ Preliminary. 2/ May not add to 100 due to rounding. 
3/ Conventional tillage with moldboard plow--any tillage system 
that includes the use of a moldboard plow and has less than 30 
percent residue remaining after planta 4/ Conventional 
tillage without moldboard plow--any tillage system that has 
less than 30 percent Aer bt | residue and does not_use a 
moldboard plow. 5/ Mulch-tillage--system that has 30 percent 
or greater remaining residue after planting and is not a 
no-till system, 6/ No-tillage--no residue-incorporating 
By ease operations performed prior to pret allows passes 
of nontillage implements, such as stalk choppers. 


Table 26--Tillage ay eee used in southern soybean production, 
1988, 1989, 1990 


Category 1988 1989 1990 1/ 
Planted acres (1,000) 12,200 13,380 11,850 
Percent of acres 2/ 
Tillage: 
Conv/w mbd plow 3/ 5 4. 4 
Conv/wo mbd plow 4/ 85 82 78 
Mulch-till 5/ 5 7 
No-till 6/ 7 10 12 


Residue remaining Percent of soil surface covered 


after planting: 


Conv/w mbd plow 2 2 1 
Conv/wo mbd plow 8 13 10 
Mulch-till 40 42 40 
No-till 72 72 65 
Average 14 15 19 
Number 
Hours per acre: 
Conv/u mbd plow 1.1 8 1.0 
Conv/wo mbd plow 2 -6 oJ 
Mulch-till 4 -3 -3 
No-till Ee Sh Be 
Average a) 25 Ae) 
Times over field: 
Conv/w mbd plow 4.1 4.3 4.3 
Conv/wo mbd plow 4.6 4.8 4.4 
Mulch-till 2.8 2.5 2.3 
No-till 1.0 1.0 1.0 
Average 4.3 4.3 3.8 


1/ Preliminary. 2/ May_not add to 100 due to rounding. 
3/ Conventional tillage with moldboard plow--any tillage system 
that includes the use of a moldboard plow and has less than 30 
percent residue remaining after pea 4/ Conventional 
tillage without moldboard plow--any tillage system that has 
less than 30 percent coma ins residue and does not_use a 
moldboard plow. 5/ Mulch-tillage--system that has 30 percent 
or greater remaining residue after planting and is not a 
no-till system. 6/ No-tillage--no residue- incorporating 
tillage operations performed prior to plant ing, allows passes 
of nontillage implements, such as stalk choppers. 


A reason for some of these differences may be found in the 
examination of rotation data. In the southern area, 50-90 per- 
cent of previous crop residue consisted of soybeans or a fal- 
low period (leaving fragile and limited residues). In the 
northern area, over 60 percent of the previous crop residue 
was com, which leaves a hardier and heavier residue. 


In the northern area, Indiana and Ohio were the greatest 
users of no-till systems (table 27). In the southem area, Ken- 
tucky reported 36-percent usage of no-till (table 28). These 
States are recognized as leaders in the advocacy and adop- 
tion of no-till systems. 


The residue remaining under conventional tillage was higher 
in the northern area. The machine labor hours per acre aver- 
aged 0.6 in the northern area and 1.0 in the southern area for 
conventional tillage with the moldboard plow, and the num- 
ber of passes over the field were about the same. With 
mulch tillage, the northem area averaged nearly one more 
trip over the field than the southern area. 


Spring and Durum Wheat 


Tillage systems used in the production of spring and durum 
wheat indicate some variation over time, with shifts occur- 
ring between mulch and conventional tillage (table 29). This 
may be due to weather-soil relationships between years in 
these areas. 


Much of the wheat grown in the Great Plains and the West- 
em States is produced after a fallow period. Implement 
passes made during the fallow year were included in deter- 
mining residue levels, hours per acre, and trips over the field. 
Normal fallow procedure for wheat in these States starts 
with chisel plowing and other noninversion tillage opera- 
tions in the fall instead of a pass with the moldboard plow. 
For these States, therefore, the tables reflect more trips over 
the field under conventional tillage without the moldboard 
plow (table 30). North Dakota durum wheat acreage also 
shows this pattern because much of the durum wheat is 
planted after a fallow period. 


Minnesota indicated greater use of the moldboard plow in 
spring wheat tillage operations (27 percent). This is because 
most spring wheat in Minnesota is produced on heavy clay 
soils in the Red River Valley. 


Cotton 


Nearly all cotton is produced using conventional tillage 
methods in the six major cotton States (table 31). However, 
use of the moldboard plow has decreased to half of the 1988 
level. 


Use of the moldboard plow was minimal in four of the States 
(table 32). The plow was used most extensively in Arizona 
(37 percent of the acreage) and Texas (21 percent). This was 
a decrease from 66 percent in 1989 for Arizona. Arizona, 
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Table 27--Tillage systems used in northern soybean production, 1990 


eee we ew ww ww a we ew we ee ee ee ee em mee eee ee eee were sees sews meres e reeset eeeeene 


Planted acres (1000) 1/ 9200 4300 8000 4600 4200 2400 3700 36400 


Percent of acres 2/ 
Tillage system: 


Conv/w mbd plow 3/ 20 32 16 46 2 id 39 23 
Conv/wo mbd plow 4/ 57 41 56 42 57 47 39 51 
Mulch-till 5/ 16 A5 24 8 35 52 12 21 
No-till 6/ 6 11 3 3 6 nr 10 6 
Residue remaining Percent of soil surface covered 
after planting: é 
Conv/w mbd plow 3 2 3 3 2 id 2 3 
Conv/wo mbd plow 13 17 19 17 21 20 15 We 
Mulch-till 39 38 39 40 41 37 38 39 
No-till 64 67 70 51 64 nr 74 66 
Average 18 21 23 13 30 29 19 19 
Number 
Hours per acre: 
Conv/w mbd plow 6 -6 6 -6 8 id aif -6 
Conv/wo mod plow aD aD 2 aa 29 2D oa a) 
Mulch-till 4 4 a 4 3 4 35 eS 
No-till eit ai al eat -1 nr a> 2 
Average 2D 5 4 Ro 4 4 -6 5 
Times over field: 
Conv/w mbd plow Ge 3.9 been Gone 6 SS id 3.9 4.2 
Conv/wo mbd plow 454 3.6 4e20 64.6) 6525 0522 eso 4.1 
Mulch-till 324) 320) 5 4 oc oe Sie .6 Ninn Sat 
No-till fediee Us (ee eT 20ie 120 niece Want 
Average 4.0 3.3 3:9 46:49 72.9 3.3 93.5 Sar 


id = Insufficient data. nmr = None reported. 


1/ Pee aiher yi. 2/ May not add to 100 due to rounding. 3/ Conventional 
tillage with moldboard p Peeaty tillage system that includes the use of 
a moldboard plow and has less than 30 peruece residue remaining after 
planting. 4/ Conventional tillage without moldboard plow--any tillage 
system that has less than 30 percent remaining residue and does not use a 
moldboard plow. 5/ Mulch-tillage--system that has 30 percent or greater 
ee residue after planting and is not a no-till system. 
6/ No-tillage--no residue-incorporating tillage operations performed prior 
to planting; allows passes of nontillage implements, such as stalk choppers. 


Table 28--Tillage systems used in southern soybean production, 1990 


wc ewe ewe we ew ww ew we wee eee ee ee ee we ee eee ee eee wee mew eee eee eee eee cee eee eee ce eee 


Planted acres (1000) 1/ 3100 900 1250 1800 2100 1400 1300 11850 


: Percent of acres 2/ 
Tillage system: 


Conv/w mbd plow 3/ 1 11 5 nr 2 11 4 4 
Conv/wo mbd plow 4/ 85 69 53 94 78 65 78 78 
Mulch-till 5/ 9 16 5 2 10 4 4 Th 
No-till 6/ 5 4 36 4 10 20 15 12 
Residue remaining Percent of soil surface covered 
after plantings 
Conv/w mbd plow id 1 1 nr 2 1 1 1 
Conv/wo _mbd plow 13 10 16 6 10 9 9 10 
Mulch-till 42 38 37 id 42 39 36 40 
No-till 65 66 64 61 65 66 65 65 
Average 18 16 34 9 19 21 18 19 
Number 
Hours per acre: 
Conv/w mod plow id 1.1 ay, nr Omen oS 8 1.0 
Conv/wo mbd plow 4 2 a ee oD bili -6 ] 
Mulch-till 3 4 Be id aS 4 4 3 
No-till a -2 4 : mit =2 ee ne 
Average 3 =a 4 BS) ao 7 5 as 
Times over field: 
Conv/w mbd plow id 4.4 4.1 nr 5.0 4.2 4.2 4.3 
Conv/wo mbd plow Gio O64 Toate 4.98 Ohl meeeel) 9 405 4.4 
Mulch-till CO esa eso idem Ol See 255 
No-till UO at OleOle 1 Ol Ve O)menticO nate O 1.0 
Average GO oe Pentiy) owste  Gchmnes.4 WeSe9 3.8 


wee ee we ee ee ee em eee ee mee mew ee eee eee ee eee eee cece ee eee eee cece ee ee ee cee eee eee 


id = Insufficient data. mr = None reported. 


ny ere [ae inaby. 2/ Bey not add to 100 due to rounding. 3/ Conventional 
tillage with moldboard p eed tillage system that includes the use of 

a moldboard plow and has less than 30 percent residue remaining after 
planting. 4/ Conventional tillage without moldboard plow--any tillage 
system that has less than 30 percent remaining residue and does not use 

a moldboard plow. 5/ Mulch-tillage--system that has 30 percent or greater 
peneip: og residue after planting and is not a no-till system. 

6/ No-tillage--no residue-incorporating tillage operations performed prior 
to planting; allows passes of nontillage implements, such as stalk choppers. 





Table 29--Tillage systems used in spri nd d 
production, 1988, 1989, 1 Oo" i a ae 


Spring Wheat Durum Wheat 
Category weer SRI" 1988 1989 1990 2/. 1988 1989 1990 
Planted acres (1,000) 2,130 2,085 1,800 2,500 3,000 3,100 
Tillage: 
Conthuabd plow 47 2 renee of cee 3/ : F 
cee ie plow 5/ 62 61 63 69 57 62 
Mulch-till 6/ 21 29 23 24 39 34 
No-till 7/ 1 1 5 2 1 id 
Residue remaining Percent of soil surface covered 
after planting: 
Conv/w mbd plow 2 2 2 3 2 3 
Conv/wo mbd plow 12 16 16 14 16 17 
Mulch-till 39 40 39 39 43 42 
No-till 63 id 64 72 id id 
Average 17 22 21 21 21 25 
Number 
Hours per acre: 
Conv/w mbd plow we) =o eo 23 3 7 
Conv/wo mbd plow 4 4 -3 4 4 3 
Mulch-till ‘3 <2 m2 2 2 22 
No-till 1 id : -1 id id 
Average 4 3 5. ass 3 
Times over field: 
Conv/w mbd plow 4.7 S23 Sah 3.0 4.2 2.6 
Conv/wo mbd plow 4.4 4.1 4.1 Sao 5.0 4.5 
Mulch-till 3a 2.8 2.7 2.9 2.8 3.0 
No-till 1.0 id 1.0 1.0 id id 
Average 4.1 3.6 Say, 4.5 4.1 3.9 


id = Insufficient data. 


1/ Preliminary, 2/ Idaho not included in 1990. 3/ May not add to 
100 due to rounding. 4/ Conventional tillage with moldboard plow--any 
tillage system that includes the use of a moldboard plow and has less 
than 50 percent residue remaining after planting. 5/ Conventional 
tillage without moldboard plow--any tillage system that has less than 
30 Ce tren ea residue and does not use a moldboard plow, 

6/ Mulch-tillage--system that has 30 percent or greater remaining 
residue after planting and is not a no-till system. 7/ No-tillage-- 
no residue-incorporating tillage operations performed prior to 
Epa) Oa) allows passes of nontillage implements, such as stalk 
choppers. 


Table 30--Tillage systems used in spring and durum wheat production, 1990 


Durum 
Spring wheat wheat 
Category MN MT ND SD Area ND 
Planted acres (1,000) 1/ 2,800 2,800 8,000 2,200 15,800 3,100 
Percent of acres 2/ 
Tillage system: 
Conv/w mbd plow 3/ Zi 5 9 10 12 4 
Conv/wo mbd plow 4/ 55 70 65 56 63 62 
Mulch-till 5/ 17 20 24 31 23 34 
No-till 6/ 1 5 2 4 3 id 

Residue remaining Percent of soil surface covered 
after planting: 

Conv/w mbd plow 2 1 3 2 2 3 

Conv/wo mbd plow 14 18 15 16 16 17 

Mulch-till 35 41 40 38 39 42 

No-till id id id id 64 id 

Average 15 24 21 24 21 25 
Number 

Hours per acre: 

Conv mbd plow ai -6 4 4 5 23 
Conv/wo mbd plow 4 4 3 oa “me aS 
Mulch-till -3 = ce e 02 “(2 
No-till id id id id on id 

Average 4 4 = > eS aS 
i field: 

Sot youre pice 4.6 5.0 3.2 1.8 3.7 2.6 
Conv/wo mbd plow tad 4.7 4.1 322 4.1 4.5 
Mulch-till 3.0 55 255 2.4 eat 3.0 
No-till id id id id 1.0 ‘id 

Average 4.0 4.3 3.6 2.7 St 3.9 


id = Insufficient data. 

1/ Preliminary. 2/ May not add to 100 due to rounding. 3/ Conventional 
tillage with Golebaard os ony tillage system that includes the use of a 
moldboard plow and has ese than 30 paneer residue remaining after piso aia: 
4/ Conventional tillage without moldboard plow--any tillage system that has 
less than 30 percent remaining residue and does not use a moldboard plow.- 
5/ Mulch-tillage--system that has 30 percent or greater remaining residue 
after planting and is not a no-till system. 6/ No-tillage--no residue- 
incorporating tillage operations performed prior to planting; allows passes 
of nontillage implements, such as stalk choppers. 
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Table 31--Tillage ayes used in cotton production, 1988, 
1989, 199 


Category 1988 1989 1990 1/ 
Planted acres (1,000) 9,700 8,444 9,730 
Percent of acres 2/ 
Tillage: 
Conv/w mod plow 3/ 28 1 14 
Conv/wo _mbd plow 4/ v2 84 84 
Mulch-tilt 5/ id id 1 
No-till 6/ id id 1 
Residue remaining Percent of soil surface covered 
after phanGing: 
Conv/w mbd plow 0 0 0 
Conv/wo mbd plow 3 3 3 
Mulch-till id id 51 
No-till id id 63 
Average 2 2 Ss 
Number 
Hours per acre: 
Conv/w mbd plow 8 9 8 
Conv/wo mbd plow ov ait at 
Mulch-till id id 23 
No-till id id | 
Average 8 -8 at 
Times over field: 
Conv/w mbd plow 6.2 7.2 6.6 
Conv/wo mbd plow 6.1 6.4 6.2 
Mulch-till id id 2.8 
No-till id id 1.0 
Average 6.1 6.5 6.2 


id = Insufficient data. 


1/ Preliminary. 2/ May not add to 100 due to rounding. 
3/ Conventional tillage with moldboard plow--any tillage system 
that includes the use of a moldboard plow and has less than 30 
percent residue remaining after planers 4/ Conventional 
tillage without moldboard plow--any tillage system that has 
less than 30 percent ree residue and does not_use a 
moldboard plow. 5/ Mulch-tillage--system that has 30 percent 
or greater remaining residue after planting and is not a 
no-till system. 6/ No-tillage--no residue- incorporating 
Cor Tage opera ee performed prior to pean eines allows passes 
of nontillage implements, such as stalk choppers. 


Table 32--Tillage systems used in cotton production, 1990 


Planted acres (1,000) 1/ 340 760 1,050 780 1,200 5,600 9,730 


; Percent of acres 2/ 
Tillage system: 


Conv/w mod plow 3/ Sf 5 4 nr 1 21 14 
Conv/wo mbd plow 4/ 62 94 93 99 99 7 84 
Mulch-till 5/ 1 nr 2 1 nr 1 1 
No-till 6/ nr 1 2 nr nr 1 1 
Residue remaining Percent of soil surface covered 
after planting: 
Conv/w mbd plow 0 0 0 nr id 0 0 
Conv/wo mbd plow 2 2 2 2 1 4 3 
Mulch-till id or 41 id nr 57 51 
No-till nr id 12 nr ar 78 63 
Average 2 3 3 2 1 4 3 
Number 
Hours per acre: 
Conv/w mbd plow 1S) 9 es nr id 8 8 
Conv/wo mbd plow -8 -6 1.0 we -8 -6 aia 
Mulch-till id nr 4 id nr HB) 3 
No-till nr id ne nr nr = an 
Average 1.0 6 1.0 al 8 6 ot 
Times over field: 
Conv/w mbd plow 8.0 6.8 9.4 nr id 6.4 6.6 
Conv/wo mbd plow 6.6 6.2 i> 6.6 7-0 St 6.2 
Mulch-till id nr 3.0 id nr 523 2.8 
No-till nr id 1.0 nr nr 1.0 1.0 
Average 7.1 6.2 Tak 6.6 7.0 5.8 One 


id = Insufficient data. mr = None reported. 


V/ ae een 2/ my not add to 100 due to rounding. 3/ Conventional 
tillage with moldboard P ow--any tillage system that includes the use of a 
moldboard plow and has less than 30 percent residue remaining after planting. 
4/ Conventional tillage without moldboard plow--any tillage system that has 
less than 39 percent remaining residue and does not use a moldboard plow. 

5/ Mulch-tillage--system that has 30 percent or greater remaining residue 
after planting and 1s not a no-till system. 6/ No-tillage--no residue- 
incorporating tillage operations performed prior to planting; allows passes 
of nontillage implements, such as stalk choppers. 


California, and parts of Texas have State “plow-down” laws 
requiring that the cotton plant be disposed of to eliminate the 
food source for bollworms and boll weevils. Some produc- 
ers have misinterpreted these laws to mean that the previous 
crop must be plowed with a moldboard plow. California pro- 
ducers mainly use multiple passes with a heavy disk. In 
some areas of Texas, the moldboard plow is also used to 
bring up subsoil clay to cover the soil surface with clods, 
which helps control wind erosion. 


The large number of tillage trips across the field (averaging 
6.2) leaves very little residue, even without use of the mold- 
board plow. Research is being conducted in a number of cot- 
ton producing States on the use of mulch-till and no-till sys- 
tems and the use of cover crops. 


Rice 


Heavy spring rains in 1990 delayed tillage and planting oper- 
ations in the South Central States. This caused many farm- 
ers to reduce the number of tillage operations. This may ac- 
count for some of the increase in conservation tillage sys- 
tems reported in 1990 rice production (table 33). 


Table Se systems used in rice production, 1988, 1989, 


Category 1988 1989 1990 1/2/ 
Planted acres (1,000) 2,130 2,085 1,800 
Percent of acres 3/ 
Tillage: 
Conv/w mbd plow 4/ 2 1 1 
Conv/wo_mbd plow 5/ 96 97 96 
Mulch-till 6/ 2 id 3 
No-till 7/ id id 1 


Residue remaining Percent of soil surface covered 


after planting: 


Conv/w mbd plow 0 0 id 
Conv/wo mbd plow 2 a) 4 
Mulch-till 41 id 46 
No-till id id Ss) 
Average 4 4 13 
Number 
Hours per acre: p ; 
Conv/w mbd plow id id id 
Conv/wo mbd plow -f 72 = 
Mulch-till 25 id 3 
No-till id id a1 
Average -6 25 5 
Times over field: . , 
Conv/w mbd plow id 6.4 id 
Conv/wo mbd plow 6.0 6.0 ee 
Mulch-till 3.2 id alk 
No-till id id 120 
Average 5.9 6.0 5.8 


id = Insufficient data. 


1/ Preliminary. 2/ California not included in 1990. 3/ May 
not add to 100 due to rounding. 4/ Conventional tillage with 
moldboard plow--any tillage system that includes the use of a 
moldboard plow and has less than 30 percent residue remaining 
after planting. 5/ Conventional tillage without moldboard 
plow--any fqitace system that has less than 30 percent 
remaining residue and does not use_a moldboard plow. 

6/ Mulch-tillage--system that has 30 percent or greater 
remaining residue after planting and is not a no-till system. 
7/ saa Uledeecan Res \dues incot polar lng tillage operations 
performed prior to planting, allows passes of nontillage 
implements, such as stalk choppers. 


Most of the rice acreage in Arkansas and Louisiana is pro- 
duced under conventional tillage without the moldboard 
plow (table 34). Arkansas reported 3 percent mulch-till in 
1990 compared to less than 1 percent in 1989. Erosion is not 
a problem in rice production because most rice is planted on 
flat, heavy-textured soils which are flooded. Rice seedbeds 
usually are nearly residue-free, partly because residue is per- 
ceived to harbor the disease organism that causes stem rot at 
the water line. 


Winter Wheat 


Tillage practices reported in 1988, 1989, and 1990 winter 
wheat production indicated a reduction in the use of the 
moldboard plow and an increase in conservation tillage 
(table 35). Detailed data for 1990 were presented in Agricul- 
tural Resources: Inputs, Situation and Outlook Report 
(USDA, Economic Research Service, AR-20, October 
1990). 


Table 34--Tillage systems used in rice production, 1990 


ee ee w een wee we ew ee ee ee ee ee ee ee ee ee eee ee eee ee ee ee ee ee ee ee eee 


Planted acres (1,000) 1/ 1,230 570 1,800 


p Percent of acres 2/ 
Tillage system: 


Conv/w mbd plow 3/ id 1 1 
Conv/wo mbd plow 4/ 95 97 96 
Mulch-till 5/ 3 id 3 
No-till 6/ 1 1 1 


Residue remaining Percent of soil surface covered 


after planting: 


Conv/w mbd plow id id id 
Conv/wo mbd plow 4 3 4 
Mulch-till 45 id 46 
No-till 52 id 45 
Average 16 5 13 
Number 
Hours per acre: 
Conv/w mbd plow id id id 
Conv/wo mbd plow oo 5 5 
Mulch-till a3 id eS 
No-till ml id = 
Average 23 25 5 
Times over field: . 
Conv/w mbd plow id id id 
Conv/wo mbd plow 6.0 5.8 5.9 
Mulch-till 2.6 id 2a 
No-till 1.0 id 1.0 
Average 5.8 Biif, 5.8 


id = Insufficient data. 


1/ Preliminary. 2/ May not add to 100 due to rounding. 
3/ Conventional tillage with moldboard plow--any tillage 
system that includes the_use of a moldboard plow and has 
less than 30 percent residue remaining after planting. 
4/ Conventional tillage without moldboard plow--any_ 
tillage system that has less than 30 percent remaining 
residue and does not use a moldboard plow. 

5/ Mulch-tillage--system that has 30 percent or greater 
remaining residue after planting and is not a no-till 
system. 6/ No-tillage--no residue-incorporating tillage 
operations performed prior to planting; allows passes of 
nontillage implements, such as stalk choppers. 


25 


Table 35--Tillage eee. used in winter wheat production, 


1988, 1989, 1990 
Category 1988 1989 1990 1/ 
Planted acres (1,000) 32,830 34,710 40,200 
’ Percent of acres 2/ 
Tillage: 
Conv/w mbd plow 3/ 15 16 12 
Conv/wo mbd plow 4/ 67 68 69 
Mulch-till 5/ 16 15 17 
No-till 6/ 1 1 3 
Residue remaining Percent of soil surface covered 
after prety: 
Conv/w mbd plow 2 2 2 
Conv/wo _mbd plow 14 14 14 
Mulch-till 38 35 38 
No-till 61 66 53 
Average 17 17 18 
Number 
Hours per acre: 
Conv/w mbd plow ae Att mh 
Conv/wo _mbd plow = =) =o 
Mulch-till 4 4 - 
No-till ah o1 on 
Average <5 Ab} 35 
Times over field: 
Conv/w mbd plow SES 5S 555 
Conv/wo mbd plow 5.0 4.8 5.0 
Mulch-till 4.5 4.1 4.0 
No-till 1.0 1.0 1.0 
Average 4 4.7 4.7 


1/ Preliminary. 2/ May_not add to 100 due to rounding. 
3/ Conventional tillage with moldboard plow--any tillage system 
that includes the use of a moldboard plow and has less than 30 
percent residue remaining after plane: 4/ Conventional 
tillage without moldboard plow--any tillage system that has 
less than 30 percent parang residue and does not_use a 
moldboard plow. 5/ Mulch-tillage--system that has 30 percent 
or greater remaining residue after planting and is not a 
no-till system, 6/ No-tillage--no residue-incorporating 
E]N lage opens: 100 performed prior to planting, allows passes 
of nontillage implements, such as stalk choppers. 


Highly Erodible Land 


The largest acreage of 1990 highly erodible land was used 

for corn production in the surveyed States, although winter 
wheat had a higher percentage of crop acres designated as 

HEL (table 36). 


With the exception of southern soybeans (54 percent), more 
than 60 percent of the 1990 cropland designated HEL in 
each of the surveyed States utilized conventional tillage 
methods. This figure decreased slightly from 1989 and 
should continue to decline over the next few years, as ap- 
proved conservation plans are implemented. 


Energy 


The crisis in the Persian Gulf has played havoc with the 
world market for crude oil. The situation has translated into 
a great deal of volatility in the price of crude oil, which in 
turn has generated considerable uncertainty about the prices 
farmers will pay for refined petroleum products in the future. 
The pre-embargo estimate of the 1991 world price of crude 
oil (i.e., before the United Nations-sanctioned trade embargo 
of Iraq) was about $20 per barrel. Over the past 6 months, 
the world price has fluctuated between this amount and more 
than twice this figure. 


If the world price of crude oil for 1991 averages about $30 
per barrel, as assumed in an analysis by the U.S. Department 
of Energy (DOE), farm expenses for diesel fuel, gasoline, 
liquefied petroleum gas, and electricity will rise by approxi- 
mately 13 percent over projections based on the pre-embargo 


Table 36--Erodibility distribution of crop acreage and tillage systems, 1990 


Winter Northern 
Category wheat 1/ Corn soybeans 
Planted acres (1,000) 2/ 40,200 58,800 36,400 
Highly erodible land (%) 29 22 20 
Land not highly erodible (%) 64 74 75 
Land not designated (%) 7 5 5 
Highly erodible land: 
Planted acres (1,000) 2/ 11,610 12,700 7,180 
Tillage system: 
Conv/w mbd plow 3/ 8 12 10 
Conv/wo mbd plow 4/ 68 56 57 
Mulch-till 57 20 20 28 
No-till 6/ 3 11 6 
Land not highly erodible: 
Planted acres (1,000) 2/ 25,660 43,230 27,450 
Tillage system: 
Conv/w mbd plow 3/ 13 18 26 
peniue mbd plow 4/ 70 57 49 
Mulch-till 5/ 15 18 20 
No-till 6/ 2 8 5 
Land not designated: 
Planted acres (1,000) 2/ 2,930 2,870 1,770 
Tillage system: 
Conv/w mbd plow 3/ 19 21 25 
Conv/wo mbd plow 4/ 64 57 54 
Mulch-till 5/ 15 11 9 
No-till 6/ 3 10 11 


Southern Spring Durum 

soybeans Cotton wheat wheat Rice 

11,850 9,730 15,800 3,100 1,800 

10 22 15 2 

ite 71 76 81 88 

13 7 9 16 10 

1,160 2,100 2,390 95 40 
Percent 

6 22 3 50 nr 

48 77 59 50 100 

6 id 32 nr nr 

40 id 6 nr nr 

9,160 6,930 12,010 2,505 1,590 
Percent 

3 10 13 3 1 

80 88 64 62 96 

8 1 21 34 3 

9 1 2 i 1 

1,530 700 1,400 500 170 
Percent 

5 27 16 nr 

86 72 59 62 97 

2 id 25 38 3 

7 nr nr nr nr 


id = Insufficient data. mr = None reported. 


1/ Harvested acres for winter wheat only. 


2/ Preliminary. 


3/ Conventional tillage with moldboard plow-- i 
system that includes the use of a moldboard plow and has less than 30 percent peaicde remaining Biter piaatingoa ler ia 


4/ 


Conventional tillage without mal dopey g Pies ety tillage system that has less than 30 percent remaining residue and does 
att 


not use a moldboard plow. 5/ Mulch-ti 
and is not a no-till system. 
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illage--system that has 30 percent or greater remaining residue 
S _ 6/ No-tillage--no residue- incorpo 
allows passes of nontillage implements, such as stalk choppers. 


er planting 


rating tillage operations performed prior to planting; 


energy price estimate. (In 1989, expenditures on fuels ac- 
counted for approximately 3.6% of all farm production ex- 
penses.) A rise in the price of crude oil to an average of $40 
per barrel would increase farm energy expenses by 25 per- 
cent. 


The World Crude Oil Price 


During the first half of 1990, the world crude oil price de- 
clined from a post-1985 high of more than $20 per barrel to 
$13 per barrel, a drop of 35 percent. The crude oil price, 
which had been buoyed by unusually cold winter, fell signifi- 
cantly in the early months of the year as the weather turned 
mild and production from the Organization of Petroleum Ex- 
porting Countries (OPEC) remained high. Moreover, the 
U.S. economy was experiencing a slowdown in growth re- 
sulting in declining demand and a sizable buildup of crude 
oil stocks. 


Between June and late July of 1990, oil prices had begun to 
recover as OPEC members agreed to enforce their produc- 
tion quotas more aggressively. Iraq’s invasion of Kuwait on 
August 2, 1990, resulted in further immediate and large price 
hikes as trade sanctions against Iraq were introduced. The 
immediate impact was an increase in the spot market world 
crude oil price to around $35 to $40 per barrel and a loss of 
combined Iraqi and Kuwaiti production of 4.3 million bar- 
rels per day. Almost all of this loss has been made up by the 
surge of production of other oil producing nations. Cur- 
rently, spot crude oil is trading at $20-$25 per barrel. 


Domestic Petroleum Consumption and Production 


The U.S. Department of Energy (DOE) has produced an anal- 
ysis of the consumption and production of refined petroleum 
products for 1991 (table 37). Given an assumed price of $30 
per barrel and a sluggish economy, U.S. petroleum demand 

is expected to decline. The demand for all refined petroleum 
products in 1991 is expected to be 16.3 million barrels per 
day, a 4.3-percent decline from the previously projected 

1991 level. 


On the supply side, the rate of decline in domestic crude oil 
production in 1991 is expected to slow, but not reverse. If 
the average world price of crude oil rises above $30 per bar- 
rel, domestic production might even post an increase in 
1991. This assumes that the oil industry perceives that a 
higher price of crude oil will be enduring enough to justify 
significant investment in drilling and development. Growth 
in crude oil imports is projected to reverse from an increase 
of 3.7 percent for 1990 to an 11.4-percent decline for 1991, 
largely as a result of reduced consumption. In 1991, net pe- 
troleum imports are projected to decline for the first time 
since 1985. 


Unrelated to events in the Persian Gulf, motor gasoline retail 
prices are 5 cents per gallon higher than a year ago due to 


Table 37--U.S. petroleum consumption-supply balance 


Forecast 
Item 1987 1988 1989 1990 1991 


Million barrels/day 


Consumption: 
Motor gasoline acl (254 we S 7.25 7.03 
Distillate fuel 2:98" 9 Salen S516 3.01 2.90 
Residual fuel Ve COle lc o0 we le > 7. 1.24 1.00 
Other ie ler: 1/ See Loe ar 5.49 5.33 
Tota 16.67 17.29 17.33 16.99 16.26 


Million barrels/day 


Supp ; 
roduction 2/ 10565" 7 10-51" 9.91 ope 9.46 
Net crude oil and 
petroleum imports 
(includes SPR) 3/ 5.91. 6:99 7.20 7.47 6.62 


Net stock 
withdrawals 0.04 0.19 0.21 -0.01 0.16 
Total 16.60 17.29 17.32 16.98 16.24 


Net imports as Percent 
share of total 


supply 35.60 38.11 41.57 43.99 40.76 


Percent change from previous year 


Consumption Saou 25a eo Ome a, 50 
Domestic production = lis Slee) 14) eS 9 See | 5 
Imports WeSees9e26 35 (oe 1.38 


1/_Includes crude oil product supplied, natural gas 
Liquid (NGL), other hydrocarbons and alcohol, and jet 
fuel. 2/ Includes domestic oil production, NGL, and_ 
other domestic processing gains (i.e., volumetric gain 
in refinery cracking and distillation process). 
3/ Includes both crude oil and refined products. SPR denotes 
the Strategic Petroleum Reserves. 


Source: U.S. Department of Energy, Energy 
Information Administration. Short-Term 
Energy Outlook. DOE/EIA-0202(90/4Q). 
November 1990. 


the increase in the excise tax on motor fuels associated with 
the Omnibus Budget Reconciliation Act of 1990 (H.R. 
5835). Farmers, however, are exempt from this tax for all 
fuel used for on-farm purposes, and there should be little, if 
any, farm sector impacts from this tax hike. 


The consumption of most refined petroleum products is ex- 
pected to decline in 1991. In the transportation sector, slow 
economic growth and higher prices for gasoline and diesel 
fuel are expected to dampen travel demand. Growth in 
motor-vehicle-miles traveled is expected to be more than off- 
set by the continued improvements in efficiency of gasoline 
and diesel fuel use. Higher fuel costs are expected to result 
in higher airline ticket prices, which in turn should keep com- 
mercial jet fuel demand weak in 1991. Jet fuel demand will 
probably increase in 1991 with a surge in military operations 
associated with Operation Desert Storm. 


Higher energy prices are expected to have important effects 
on domestic production of crude oil in 1991. This will be es- 
pecially true if oil producers perceive that higher prices will 
persist beyond the next few months. Domestic crude oil out- 
put is projected to decline in 1991 by 60,000 barrels per day 
from 1990 levels. This compares with an average decline of 
390,000 barrels per day in 1990 over 1989 levels. 
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Net imports of crude oil are expected to decrease by 850,000 
barrels per day to 6.62 million barrels per day in 1991, com- 
pared with an increase of 270,000 barrels per day in 1990. 
The expected 1991 decrease largely reflects the increase in 
the world price of crude oil and the resulting price-induced 
conservation effects. 


End-of-year crude oil inventories are projected to remain al- 
most unchanged in 1991. The sizable stock drawdown dur- 

ing the second half of 1990, brought about by the disruption 
of normal supply patterns, was offset by the unusual buildup 
of stocks during the first half of 1990. 


Energy in the Farm Sector 


The U.S. agricultural sector’s energy supply and price expec- 
tations reflect world crude oil market conditions. As noted 
previously, current world crude oil supplies are adequate. 
This situation is expected to continue through 1991. If the 
price stabilizes at around $30 per barrel, the prices paid by 
farmers for various types of energy will be approximately 13 
percent higher than they would have been had the $20-per- 
barrel pre-embargo world price been maintained. 


Little shift is expected in the input mix (e.g., fuel choice) 
over the next year or so. In the intermediate- to long term, 
however, if a higher price of crude oil remains in effect, 
farmers will likely begin substituting relatively less expen- 
sive energy (e.g., natural gas) for refined petroleum products 
(e.g, diesel fuel and gasoline) when and where substitutions 
are feasible. If a price of $40 per barrel is realized, it is ex- 
pected that the energy prices paid by farmers will be approxi- 
mately 25 percent higher relative to the $20-per-barrel pre- 
embargo estimate . 


Higher prices for energy inputs will have several impacts 
throughout the farm sector. If the world price of crude oil av- 
erages $30 per barrel, total farm production expenses for 
1991 would rise by approximately 1 percent. Lower ex- 
penses for farm-origin inputs (e.g., feed, feeder livestock, 

and seed), due to an expected fall in the cost for feed and 
feeder livestock, will offset part of the rise in expenses for 
nonfarm-origin inputs (fuels and oil, electricity, fertilizer, 
and pesticides). 


Additionally, if oil prices average $30 per barrel, net farm in- 
come is projected to fall 5.5 percent due to a reduction in 
cash receipts (mostly resulting from lower prices for live- 
stock) coupled with the higher production expenses. Finally, 
the higher costs and lower net returns would encourage in- 
creased farmer participation in the agricultural commodity 
programs. If the world price of crude oil averages $30 per 
barrel for 1991, increased participation in the agricultural 
commodity programs is projected to cost the government an 
additional 0.6 percent over earlier estimates. 
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Farm Fuel Use 


The combined consumption by agriculture of refined petro- 
leum products, such as diesel fuel, gasoline, and liquefied pe- 
troleum gas, has declined steadily since 1978. Although the 
number of acres planted influences farm energy use, other 
factors, including weather, are also important. For example, 
the switch from gasoline to diesel-powered engines; conser- 
vation tillage practices; larger, multifunction machines; and 
innovations in crop drying and irrigation have contributed to 
this decline. While no-till and mulch-till farming practices 
have not yet been widely adopted, they are now as prevalent 
as conventional tillage practices in some parts of the United 
States. 


With only a minimal increase in cropland acres planted and 
harvested in 1990, with few significant changes in cropping 
practices, and with somewhat higher average energy prices 
for the entire growing season, the data, when available (later 
in 1991), are expected to show that 1990 farm energy con- 
sumption remained near its level for 1989. 


Energy Prices Rose in 1990; 
Projected Up Again in 1991 


Crude oil prices (especially imported, as the marginal supply 
in most instances) heavily influence the prices farmers pay 
for refined petroleum products, such as diesel fuel and gaso- 
line. In 1990, average nominal gasoline prices (i.e., inflation 
impact included) increased by 11 percent and nominal diesel 
fuel prices rose by 25 percent over 1989 levels (table 38). 
More revealing is the fact that the price of gasoline in Octo- 
ber 1990 increased by 32 percent over its level a year earlier 
while the price of diesel fuel increased by 53 percent. These 
gains are attributable to refiners’ higher costs of acquiring 
crude oil. A rise in average real energy prices (i.e., inflation 
effect netted out) is expected for 1991. The magnitude of 
the increase is a function of the turn of events in the Persian 
Gulf. 


Higher Energy Expenditures for 1990 


In 1989, farm energy expenditures for diesel fuel, gasoline, 
liquefied petroleum gas, natural gas, lubricants, and electric- 
ity totaled $6.78 billion, down 4.5 percent from a year earlier 
(table 39). This reduction reflects no change in fuel and lu- 
bricant expenditures and about a 12-percent decline in elec- 
tricity expenditures. Higher energy prices, slightly higher 
yields, increased acres planted and harvested, and more nor- 
mal weather conditions in 1989 over 1988 combined to ac- 
count for the observed declines. For 1990, a gain in planted 
and harvested acreage and a slight increase in acres irrigated, 
coupled with higher refined petroleum product prices in the 
fourth quarter, are estimated to raise energy expenditures to 
$7.24 billion, nearly 7 percent above 1989’s reduced level. 


Table 38--Average U.S. farm fuel prices 1/ 


FO —-0O000-—]-NN 
-—=N NUWNROUIAOWO 


Oct 1989 
Oct 1990 


1/ Based on surveys of farm eee dealers 


conducted by the National Agricu 


Statistics Service, USDA. 


tural 


/ Bulk delivered. 


Table 39--Farm energy expenditures 


Item 1987 


Fuels and 
lubricants: 
Gasoline We Sie 
Diesel 2alS 
LP gas 0.38 
Other 0.47 
Electricity: 
Excluding 
irrigation. 2.03 
For irrigation 0.43 


Total 6.81 


Percent change from 
preceding year 


Forecast 
1988 1989 199 
$ billion 

1.42 1.44 1.45 
2.12 Gali2: 2.20 
0.38 0.38 0.39 
0.53 0.51 0.55 
Cole 1.69 2.00 
0.48 0.64 0.65 

10 6.78 7.24 
4.25 -4.51 6.78 


Source: U.S. Department of Agriculture, National 


Agriculture Statistics Service, 
Production Expenditures, 1987, 


Summaries. 


Table 40--Domestic farm machinery unit sales 


Farm 
1988, 1989 


Farm Machinery 
Demand 


Unit sales of tractors and other farm machinery rose in 1990, 
continuing a general trend begun in 1987 as farmers replaced 
aging equipment after several years of declining purchases. 
Sales increased 10 to 23 percent for two- and four-wheel- 
drive tractors in 1990, and 15 percent for combines. Sales of 
tractors and combines in 1990 continued strong through the 
first 7 months of the year. After weakening in August, Sep- 
tember, and October, farm machinery sales finished the year 
with renewed strength. Moderate increases are forecast for 
tractors and farm machinery for 1991, averaging about 4 per- 
cent (table 40). 


Several factors affected demand for farm machinery in 1990 
(table 41). Positive factors included gains in net farm and 
net cash incomes. Interest expenses decreased about $1 bil- 
lion. Exports of U.S. agricultural commodities were up 
slightly, and cash receipts were up nearly $8 billion from 
1989 to 1990. While production expenses rose by $3 billion, 
the increase was not enough to cause a fall in net income. 
Acres idled by commodity programs and the Conservation 
Reserve Program were down slightly from 1989 to 1990, 
from 60.8 to 59.9 million acres. 


Preliminary 1990 estimates show the value of farm real es- 
tate assets up by $22 billion from 1989. Nonreal estate as- 
sets were up by another $20 billion. Farm debt decreased by 
$2 billion. In addition, the previous 3 years showed substan- 
tial increases in assets and reductions in debt, exerting a posi- 
tive impact on farmers’ ability to borrow to finance farm ma- 
chinery purchases. 


The reduction in Government payments is probably the most 
significant negative influence on sales of farm machinery. 


Preliminary Forecast Change poe 


Tractors: ; 
Two-wheel-drive 
-99 h 


p 
100-139 np 1/ 
Over 139 hp _1/ 

Total over 99 hp 
Four-wheel -drive 


Grain and forage 
harvesting equipment: 
Self-propelled combines 
Forage harvesters 1/2/ 
Haying equipment: 
Mower conditions 1/ 


8,400 
2/500 


11,200 


1988 1989 1990 1991 89-90 90- 
Units Percent 
33,200 34,900 38,400 39,200 10 2 

4,300 5,200 
11,800 15,400 
16,100 20,600 22,800 23,200 11 2 
2,700 4,200 5,100 5,500 23 8 
6,000 9,100 10,400 11,500 15 11 


wee ww ee wm em eww mw ew ee ew em ee ee em mm ewe ww mw mw we ee ew ee ee ee ee eee we em ee ee ee ee ee ee eee ee ee ee ee ee eee ee et ee eee ee ee ee ee ee eee ee eee ee eee 


na = Not available. 


1/ Discontinued after 1989. 


2/ Shear bar type. 


Source: Historical data are from the Equipment Manufacturers Institute (EMI). All 1991 values are ERS forecasts. 
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Table 41--Trends in U.S. farm investment expenditures and factors affecting farm investment demand 


Item 1984 1985 
oe expenditures: 
ractors 2.54 1.94 
Other farm machinery 4.68 3.25 
Total : eee Set? 
Tractor and machinery repairs 3.8 3.74 
Trucks and autos 2.04 1.76 
Farm buildings 1/ 3.26 2.26 
Factors affecting demand: 
Interest expenses elot 18.6 
Total production expenses 143. 131.9 
Outstanding farm debt 2/ 3/ 204 188 
Farm real estate assets 2/ 694 650 
Farm nonreal estate assets 2/ 234.6 
Agricultural exports 4/ 38.0 31.2 
Net farm income 26.3 31.0 
Net cash income 36.6 47.9 
Direct Government payments 8.4 lait. 
Diverted acres 5/ 27.0 30.7 
Real prime rate 6/ 7/ 8.3 
Nominal farm mach ively and 
equipment loan rate 8/ 14.6 Sit, 
Real farm machinery and 
equipment loan rate 7/ 10.8 NOS 
Debt-asset ratio 9/ 2a Zee 


Forecast Forecast 
1986 1987 1988 1989 1990 199 
$ billion 
125 2.10 2.41 2.85 2.9 2.4-3.0 
3.09 4.26 4.03 5.09 bie 5.0-5.4 
4.60 6.36 6.44 7.94 8.1 7.4-8.4 
3.73 3.94 4.00 4.72 4.8 4.4-4.9 
1.71 2.17 2.30 2.56 2.8 2.4-3.0 
2.14 2.60 ene 2.47 2.5 2.4-2.7 
igen (es ier lSeil 14 14-15 
Zoe 127.7 1S251 142.6 145 149-154 
167 154 149 146 144 140-146 
606 634 666 688 710 720-730 
235.0 29525 2eet 284.1 295 290-305 
26.3 27.9 3525 39.6 40 on5 
31.0 41.3 41.8 46.7 49 44-49 
46.7 56.1 582i 54.6 59 55-60 
11.8 16.7 14.5 10.9 9 8-9 
Million acres 
48.1 76.2 77.7 60.8 59.9 na 
Percent 
Ne 5.0 5.9 na 
Zee Nile 1 eas ligne 
9. 8.3 8. 8. Bee na 
19.8 17.3 15.8 15.0 14 13-14 


na = Not available. 


1/ Includes service buildings, structures, and land improvements. 


data, including farm households for December 31 of each 


idled through commodity programs and acres enrolled in the Conservation Reserve Program. 
l e : 8/ Average annual interest rate. 
Agricultural Financial Databook, Board of Governors of the Federal Reserve System. 
9/ Outstanding farm debt (including households) divided by the sum of farm real and nonreal estate asset 


Deflated by the GNP Deflator. 


quarter. 
values. 


Source: 


Estimated Government payments were down nearly $2 bil- 
lion from 1989 to 1990. Government payments are forecast 
to be no higher in 1991 and may decrease. Government pro- 
grams aimed at cutting crop surpluses through reducing 
planted acres, especially for wheat, may also decrease the de- 
mand for farm machinery. 


Projecting the demand for farm machinery is complicated by 
the uncertain effect of the war in the Persian Gulf. Further, 
the downturn in the overall economy may affect the demand 
for farm machinery, although one argument holds that farm- 
ers have already had their recession during the early 1980’s 
and have since reduced their debt burdens. Additional cuts 
in Government support programs could also reduce demand. 
Without the uncertainties of the war in the Middle East and 
the recent economic downturn, projected 1991 increases in 
demand would likely have been higher. 


Farm Machinery Trade 


The Department of Commerce increased its estimate of the 
value of 1990 exports of farm machinery to $3.4 billion. 
The value of imports is estimated at $2.7 billion, leaving a 
positive trade balance of $700 million. This is the second 
year in a row in which U.S. exports of farm machinery have 
exceeded imports. Leading export markets include Canada, 


30 


ear. 


2/ Calculated very nominal dollar balance sheet 
3/ Excludes CCC loans. 4/ Fiscal year. 

6/ Monthly average. 

From the quarterly sample survey of commercial banks: 
Interest for 1991 is for first 


Agricultural Income and Finance, Situation and Outlook Report, AFO-39, ERS; and other ERS sources. 


Australia, Saudi Arabia, Mexico, and the European Commu- 
nity (EC). Canada, Japan and the EC are principal suppliers 
of U.S. imports. Tractors constitute the leading import and 
export item. Other categories include combines and other 
harvesting equipment, crop sprayers, and irrigation equip- 
ment. 


Over the next decade, more mergers of large companies pro- 
ducing farm machinery are expected, according to the U.S. 
Industrial Outlook for 1991. In 1990, the Allis-Gleaner 
Company, for example, was formed to take over the Deutz- 
Allis portion of Klockner-Humboldt-Deutz Corporation in 
Germany, returning it to U.S. ownership. These tractors will 
once again be manufactured in the United States. Also in 
1990, a merger was proposed for Ford New Holland with the 
Italian firm of Fiat Agri Products. This merger is presently 
under review by regulatory agencies. The Industrial Outlook 
reports an overcapacity in the farm machinery industry in 
Western countries at nearly double the demand. Mergers are 
a mechanism of adjustment to worldwide overcapacity. 


Unit Sales 


Four-wheel-drive tractors, as a proportion of all tractors sold, 
increased for the third year in a row. In 1990, four-wheel- 
drive tractors comprised 8 percent of all tractor‘sales, up 


5/ Includes acres 


from 7 percent in 1989, 5 percent in 1988, and only 3 per- 
cent in 1987. Larger two-wheel-drive tractors have also in- 
creased as a percentage of total sales. In 1985, sales of trac- 
tors over 100 horsepower comprised 30 percent of total trac- 
tor sales, and by 1990 were 34 percent. Over the same time 
period the percentage of smaller tractors in the 40-to-100- 


horsepower range decreased from 65 to 58 percent of the 
total. 


Sales of all farm tractors totaled 66,000 units in 1990. This 
compares with sales of over 100,000 units every year from 
1969 to 1981, peaking in 1973 at 156,000 units. There is 
speculation that annual sales will again reach 100,000 units 
or more as farmers replace tractors that are now 10 to 20 
years or older. More fundamental questions are the age of 
tractors on farms and when farmers replace aging units. 
Very little data exist to address these questions. 


Despite the recent increase in tractor sales, the high sales 
numbers of the 1970’s may not soon be repeated. One rea- 
son is the proportionate rise in sales of higher horsepower 
units. The 200-horsepower tractor sold today, for example, 
may be replacing more than one of yesterday’s lower horse- 
power units. Farmers often find it more economical to oper- 
ate one tractor with larger equipment than several tractors 
with smaller equipment. Another reason suggested is that 
farmers bought more tractors than they needed during the 
1970’s, not all of which will need to be replaced. Another 
factor is that farmers may be holding off large expenditures 
to limit their outstanding debt. Many are still acutely aware 
of friends and neighbors who overextended themselves in 
the 1970’s, and lost farms during the lean years of the early 
1980’s. 


Seeds 


Consumption 


In 1989/90, seed consumption for the eight major field crops 
was 6.2 million tons, a decline of 2 percent from the previ- 
ous year. For the 1990/91 crop year, seed use is likely to fall 
5 percent below 1989/90 use due to a decline in planted win- 
ter wheat acreage (table 42). 


Consumption of planting seeds is a function of planted acre- 
age and seeding rate per acre. Since seeding rates change 
slowly over time, the major factor in year-to-year changes in 
seed use is planted acreage. The participation rate of Gov- 
emment programs is often a major determinant in the level 
and mix of planted crop acreage. 


Prices 


In 1990, most field seed prices paid by farmers fell from the 
drought-induced levels of 1988 and 1989, as normal condi- 
tions returned and seed supplies were ample to meet de- 
mand. USDA’s prices-paid index for all seeds in 1990, at 










Figure 1 
Seed Price Index 








1980 82 84 86 88 90 





Table 42--Seed use for major U.S. field crops 1/ 


Crops 1987/88 1988/89 


eee WeO0OF tons=-2=—--—-—=—rI- Percent 
Corn 482 523 532 548 3 
Sorghum 36 42 30 33 8 
Soybeans 1,684 1,751 1,661 1,728 4 
Barley 376 360 45 349 1 
Oats 505: 433 323 -13 
Wheat 2,550 3,090 3,033 2,639 =13 
Rice 50 150 1 1 0 
Cotton 106 89 103 120 16 
Total 5,889 6,438 6,235 5,900 =D) 


1/ Crop marketing year. 2/ Projected based on table 1. 


165, was similar to that of the previous year and is likely to 
remain flat in 1991 if aggregate planted acreage declines and 
commodity prices weaken as expected (figure 1). Seed 
prices for nonhybrid crops tend to track commercial crop 
prices. 


Forage seed prices also were generally lower in 1990 due to 
abundant seed supplies and a decline in growth of Conserva- 
tion Reserve Program (CRP) acreage. The CRP acreage 
grew by only 4.1 million in 1990 compared with 5.3 million 
in 1989, a growth decrease of 22 percent. 


Farm programs will continue to influence forage seed de- 
mand over the next several years. The 1990 farm legislation 
(Title XIV) establishes an Agricultural Resources Conserva- 
tion Program (ARC), an umbrella for the Environmental 
Conservation Acreage Reserve Program (ECARP), the Agri- 
cultural Water Quality Protection Program, and the Environ- 
mental Easement Program. 


ECARP comprises the CRP and the Wetland Reserve Pro- 
gram. The acreage in ECARP, including the nearly 34 mil- 
lion acres currently enrolled in the CRP, cannot exceed 45 
million acres. Its enrollment period, however, is extended 
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Table 43--Corn for grain seeding rates, plant population, 
and seed cost per acre, 1990 1/ 


eee Om em em em me em ee em ee me wwe mee te me ewe ee ee ew eee ewe wees ee we ewe eeee 


; Rate heey Cost 

cres er opulation r 

States planted 2/ se ipag acre acre 
Thousand Kernels Number Dollars 

IL 10,700 25,300 22,300 20.90 
IN 5,600 24,800 21,900 20.40 
IA 12,800 5,200 22,400 21.00 
MI 2,4 4,300 20,900 20.40 
MN 6,700 25,900 23,100 22.20 
MO 2,100 1,900 18,000 18.90 
NE Pg ats 7,700 24,600 21,400 20.20 
Non-irrigated 2,400 17,900 nr 15.30 
Irrigated , 300 27,500 nr 22.40 
OH 3,700 6,200 22,500 22.30 
sD 3,400 18,500 16,100 15.50 
WI 3,700 24,700 21,800 18.50 
1990 average 58,800 24,700 21,040 20.50 
1989 average 57,900 24,100 0,760 20.40 
1988 average 53,200 24,100 20,610 18.60 


me=Nohelteported. = Ce 
1/ States planted 79 percent of U.S. corn acres in 1990. 
2/ Preliminary. 


through the 1995 crop year, and additional acreage allowed 
to be enrolled during 1991-95 ranges between 6 and 11 mil- 
lion acres. Some of this acreage can be wetlands, not a de- 
mand factor for forage seed. Increase in forage seed demand 
due to this program will depend upon the number of CRP 
acres devoted to grasses. In 1991, CRP-related demand is 
expected to be very small and is unlikely to put upward pres- 
sure on forage seed prices. 


Seeding Rates and Seed Costs Per Acre 


Seeding rates and seed prices primarily determine seed cost 
per acre. Costs vary substantially by State and by crop. Lo- 
cations where crops are generally irrigated (as in California) 
or where rain is normally abundant (as in the eastern Corn 
Belt) support heavier seeding rates, thereby raising seed 
costs per acre. 


Corn 


For the 1990 crop, the average seeding rate for the 10 lead- 
ing corn producing States was 24,700 kernels per acre, 2 per- 
cent above that in 1989 as soil moisture conditions returned 
to normal. The average seed cost per acre was $20.50, about 
the same as the previous year, reflecting lower corn seed 
prices in 1990. The average plant population per acre for the 
10 States increased 1 percent in 1990 because of favorable 
weather conditions (table 43). 


Seeding rates (and therefore seed cost per acre) vary consid- 
erably across the Corn Belt, primarily reflecting soil produc- 
tivity and moisture availability. In Nebraska, for example, 
the seeding rate in irrigated areas is 27,500 kernels per acre 
compared with 17,900 kernels in nonirrigated areas. 


Ohio had the highest State seeding rate because of moisture 
availability, and consequently the highest seed cost per acre. 
South Dakota, on the other hand, typically has lower and 
more variable precipitation than other corn growing States, 
and thus has a lower seeding rate. 
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Soybeans 


The average seeding rate for the 14 major soybean produc- 
ing States was 62 pounds per acre in 1990, up 3 percent from 
1989. The average seed cost per acre was $14.20, down 8 
percent reflecting lower seed prices. Most of the northern 
soybean States, which have higher seeding rates and yields, 
exhibit greater seed costs per acre (table 44). Seeding rates 
tend to be lower in the Southern States such as Georgia, Mis- 
sissippi, Tennessee, Louisiana, and Arkansas; consequently 
these States have lower seed costs per acre. 


Farmers in the surveyed States used purchased rather than 
homegrown seed on 71 percent of the 1990 soybean acres. 
The share of 1990 acres sown with purchased seed varied 
widely among surveyed States, ranging from 63 percent in 
Tennessee to 92 percent in Louisiana. Difference in seed 
cost and yield often determines the choice between pur- 
chased and homegrown seed. 


Spring and Durum Wheat 


For the 1990 crop, the average spring wheat seeding rate was 
88 pounds per acre, about the same as in 1989. The average 
seed cost per acre was $8.40, down 5 percent from the previ- 
ous year, as average spring wheat seed prices fell 10 percent. 
Variation in seed prices and seeding rates resulted in per- 
acre costs ranging from $5.90 in Montana to $10.80 in Min- 
nesota (table 45). 


The average seed cost for Durum wheat in 1990 was $7.50 
per acre, down 25 percent from 1989 reflecting lower Durum 
wheat seed prices in 1990. The seeding rate, however, was 
about the same as in 1989 (table 45). 


Table 44--Soybean seeding rates, seed cost per acre, 
and percent seed purchased, 1990 1/ 


ee Rate Cost hee 
e r 
Region/State planted 2/ wees shee 3/ bes 
Thousand Pounds Dollars Percent 
ner: Seed z 
. 16.00 
IN 4,300 64 14.70 ss 
IA 8,000 59 15.50 7 
MN 4,600 65 13.10 64 
MO 4,200 61 13.60 61 
Of $700 73 16.20 53 
vs bgt a 
3,100 56 11.30 
GA 900 48 10.40 oe 
KY 1,250 61 12.10 68 
LA 1,800 53 14.90 92 
MS 2,100 53 9.90 84 
NC 1,400 58 12.10 69 
IN 1,300 54 10.30 63 
1990 average 48,250 62 
1989 average 51,130 60 13750 oa 
1988 average 710 62 12.90 a3 


x States planted 84 percent of U.S. soybean acres in 


1990. 2/ Preliminary. 
icadiicreancd See 3/ Based on data from farmers who 


Table 45--Spring and durum wheat seeding rates, seed cost 
per acre, and percent of seed purchased, 1990 1/ 


Acres 
Rate Cost with 
Area per per purchased 
States Planted 2/ acre acre 3/ seed 
Thousand Pounds Dollars Percent 
Spring: 

MN 2,800 107 10.80 56 

MT 2,800 64 5.90 34 

ND 8,000 88 7.80 37 

SD 2,200 92 9.00 27 
1990 average 15,800 88 8.40 39 
1989 average 16,580 89 8.82 40 
1988 average 9,780 90 8.58 46 
Durum: 

ND 3,100 97 7.50 27 
1990 average 3,100 97 ese 27 
1989 average 3,000 99 10.10 47 
1988 average 2,500 99 8.10 47 


1/ States planted 94 percent of UZS. apraes wheat and 87 
peer of U.S. durum wheat acres in 1990. 2/ Preliminary. 
/ Based on data from farmers who used purchased seed. 


Table 46--Rice seeding rates, seed cost Bot acre, and 
percent of seed purchased, 1990 1/ 


Acres 

Rate Cost with 
Acres per per purchased 

States planted 2/ acre acre 3/ seed 
a. Thousand Pounds Dollars Percent 
AR 1,230 125 19.90 77 
LA 570 129 22.50 99 
1990 average 1,800 126 20.80 84 
1989 evenace 2,085 134 19.87 83 
1988 average 2,130 131 26.22 87 


1/ States planted 63 percent of U.S. rice acres in 1990. 
2/ Preliminary. 3/ Based on data from farmers who used 
purchased seed. 


Rice 


In 1990, the average seeding rate for rice was 126 pounds 
per acre, and the average seed cost was $20.80. Louisiana 
had a higher rate of 129 pounds per acre and consequently a 
higher cost—$22.50 per acre. Arkansas, on the other hand, 
had a lower rate and lower cost per acre (table 46). In 1990, 
farmers sowed 84 percent of the rice acreage with purchased 
seed. In Louisiana, nearly all of the rice acreage was planted 
with purchased seed. 


Cotton 


In 1990, the average cotton seeding rate was 17 pounds, 
down 5 percent from 1989. The average cost was $7.80 per 
acre, down 4 percent from 1989 due to the lower seeding 
rate (table 47). 


Seeding rates and seed costs for cotton varied among sur- 
veyed States. California had the highest cost and Texas the 
highest rate. Although California had a lower seeding rate 
than Texas, its seed cost per acre was higher due to higher 
seed prices. The reverse occurred in Texas—a higher seed- 
ing rate but lower seed cost per acre because of lower seed 


Table 47--Cotton seeding rates, seed cost per acre, 
and percent seed purchased, 1990 1/ 


Acres 
Rate Cost with 
Acres per per purchased 
States planted 2/ acre acre 3/ seed 
Thousand Pounds Dollars Percent 
AZ 340 16 9.30 92 
AR 760 13 7.40 93 
CA 1,050 16 11.20 0 
LA 780 12 7.30 100 
MS 1,200 12 7.60 100 
TX 5,600 19 6.90 5 
1990 average 9,730 17 7.80 70 
1989 average 8,444 18 8.17 67 
1988 average 9,700 18 8.38 86 


_ 1/ States planted 81 percent of U.S. upland cotton acres 
in 1990. 2/ Preliminary. 3/ Based on data from farmers 
who used purchased seed. 


prices. In Texas the number of cottonseed varieties grown is 
large and competition among suppliers is intense. In Califor- 
nia, on the other hand, the number of seed varieties available 
is small and the competition among suppliers is not as in- 
tense. Farmers in the surveyed States used purchased seed 
on 70 percent of the 1990 cotton acres. 


U.S. Seed Exports and Imports 
Corn Seed Exports 


Compared with 1989, corn seed exports increased sharply in 
the first 9 months of 1990 because U.S. supplies were plenti- 
ful following favorable weather conditions, and demand 
abroad remained strong. The volume of U.S. field corn seed 
exports rose sharply to 48,415 metric tons in the first 9 
months of 1990, a jump of 148 percent over the correspond- 
ing period a year earlier (table 48). 


Exports to Italy, France, Spain, Canada, and Mexico—the 
major trading partners—were up 519, 234, 119, 151, and 14 
percent, respectively, in the first 9 months of 1990 compared 
with the corresponding period in 1989. 


Corn Seed Imports 


Com seed imports between 1987 and 1989 have accounted 
for a small but increasing component of U.S. consumption. 
Com seed imports were 0.08 percent of use in 1987, but 
were 0.4 percent in 1989. The volume of corn seed imports 
equalled 11,354 metric tons in the first 9 months of 1990, a 
40-percent decline over the same period a year earlier, as do- 
mestic seed stocks were replenished (table 49). 


Canada has traditionally been the largest supplier of corn 
seed to the United States, while Argentina, Chile, and 
Hungary have exported widely varying quantities. During 
the first 9 months of 1990, imports from Canada rose 30 per- 
cent by volume from the corresponding period a year earlier. 
However, imports from Argentina, Chile, and Hungary fell 
79, 36, and 76 percent during the same period as favorable 
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Table 48--U.S. corn seed exports by volume 


we a ww ww a ew ww we ew ew we ee ee ee ew eee eee eee eerste errr 


ran 
Country 1987 1988 1989 1989 1990 89-90 
Be Metric tons----------------- Percent 
Canada 2,505 2,582 1,548 4,943 3,290 151 
Mexico 3,143 3,312 10,205 7,166 8,157 14 
Chile 166 541 340 333 396 19 
Argentina 699 808 1,215 1,196 86 =93 
France 2,542 2,453 2,873 766 2,556 234 
Spain 2,049 4,134 1,836 1,320 2,893 119 
Italy 12,229 8,741 12,168 2,589 16,018 519 
Hetherlands 695 1,061 351 71 1,128 1489 
Greece 1,894 2,251 1399 1,759 1,731 =z 
Turkey 2,678 1,101 45 245 59 -76 
Japan 1,861 1,322 1,051 756 473 -37 
Subtotal 30,461 28,306 33,831 17,512 36,787 110 
Total 32,411 33,732 36,859 19,493 48,415 148 
Source: U.S. Department of Commerce, Bureau of the Census, 


Foreign Trade Division. 


Table 49--U.S. corn seed imports by volume 


hange 
Country 1987 1988 1989 1989 1990 89-90 
a i Meth ICitOns a6 an ~~ ne Percent. 
Canada 4,465 3,935 iifDS 4,125 5,396 30 
Argentina 0 2,457 2,457 511 a1, 
Chile 67 2,055 7,000 7,000 4,509 -36 
Hungary 196 ae s2h 3,708 3,708 881 -76 
Subtotal 4,728 7751740205918 17,290), 115257, =35 
Total 4,754 7,909 22,672 19,021 11,354 -40 
Source: U.S. Department of Commerce, Bureau of the Census, 


Foreign Trade Division. 


weather increased U.S. seed supplies. Total corn seed im- 
ports from the four countries fell 35 percent in the first 9 
months of 1990 over the period a year earlier. 


Soybean Seed Exports 


Soybean seed exports to Italy, France, Japan, and Canada 
surged 183, 125, 1268, and 28 percent, respectively, in the 
first 9 months of 1990, as domestic soybean seed supplies in- 
creased (table 50). These increases, however, were overshad- 
owed by a 46-percent decline in exports to Mexico. Al- 
though U.S. exports to Mexico during the first 9 months of 
1990 fell sharply from the unprecedented level of 1989, they 
were well above the quantities typically exported to Mexico 
in earlier years. U.S. soybean seed exports to Mexico surged 
in 1989, as Mexico’s domestic soybean seed supply was re- 
duced drastically by the 1988 drought. Overall exports fell 9 
percent between the corresponding periods in 1989 and 1990. 


Total Exports 


The value of total seed exports rose 20 percent to $419 mil- 
lion in the first 9 months of 1990 from the corresponding pe- 
riod of 1989 (table 51). This increase primarily reflects 
gains in corn, vegetable, and forage seed exports, which rose 
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147, 26, and 14 percent, respectively. These gains were 
partly offset by declines of 45 and 17 percent in grain sor- 
ghum and soybean seed exports. 


Total Imports 


As soil moisture and rainfall conditions returned to normal 
and domestic seed stocks were replenished, the value of total 
seed imports declined 20 percent to $110 million in the first 
9 months of 1990 from the corresponding period of 1989. 
This decline largely reflects steep drops of 53 percent in corn 
seed imports and 22 percent in forage seed imports. The 
U.S. net seed trade surplus surged 46 percent to $309 million 
in the first 9 months of 1990 compared with the same period 
a year earlier (table 51). 


Table 50--U.S. soybean seed exports by volume 


wee ewww ee ee ee ee ee ee wee we eee eee ee ee ee ee et eee ee eee eee eee eee ere eeeses 


Change 

Country 1987 1988 1989 1989 1990 89-90 
eon cc sen wen na- Metric tons-------------— recent 

Canada 6,087 293 390 390 499 28 
Mexico 12,630 8,922 100,380 91,063 49,027 -46 
France 1,40 2,187 1,69 1,196 2,689 125 
Italy 44,47 27,833 20,185 14,266 40,422 183 
Turkey 5,038 3,798 2th 2th 2,598 -6 
Japan 4,151 Bz ‘ 126 1,724 1,268 
ubtotal 73,780 48,310 127,038 109,818 96,959 12 
Total 75,164 53,730 128,582 110,959 100,665 “9 

Source: U.S. Department of Commerce, Bureau of the Census, 


Foreign Trade Division. 


Table 51--Exports and imports of U.S. seed for planting 1/ 


Change 
Item a ag 1987 1988 1989 1989 1990 89- 
er cer c ene ----- $ million------------- Percent 
Exports: 
orage 75 9% 96 64 73 14 
Vegetable 138 167 153 92 116 26 
Flower 9 9 11 7 9 29 
Corn 2/ 63 67 68 36 89 147 
Grain sorghum 16 29 55 40 22 -45 
Soybean 36 26 54 47 39 Sate 
Tree/shrub 2 3 4 2 1 390 
Sugarbeet 1 2 1 1 2 100 
Other 33 27 68 60 68 13 
Total 373 424 510 349 419 20 
Imports: 
orage 65 52 43 6 28 -22 
Vegetable 49 58 56 i 44 0 
Flower 21 21 24 aia 16 -6 
Corn 3/ 5 10 37 32 15 -53 
Tree/shrub 1 2 2 1 1 0 
ther 4 & 6 6 5 -17 
Total 145 147 168 137 110 -20 
Trade balance 228 277 342 212 309 46 


1/ Totals may not add d i 
feodiald. Veetcas lue to rounding. 2/ Not sweet, not 


Source: U.S. Department of Commerce, Bureau of the Census, 


Foreign Trade Division. 
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Pesticide Use by Tillage System, 1988 and 1989 Corn Production 


Len Bull 


Abstract: This study examines the relationship between pesticide use and the tillage system 
used in production of corn in 1988 and 1989. No real difference between tillage systems 
was observed in the percentage of acres treated or in the number of treatments for either her- 
bicides or insecticides. About 50 percent of the acres treated with herbicides received com- 
bination mixes as opposed to single chemicals. The exception was no-ridge till, where 60 
percent were combination mixes. The 10-percent difference in mixes was made up of com- 


binations of three or more chemicals. 


Keywords: Pesticides, tillage systems, herbicide use, insecticide use, acre-treatments, pesti- 


cide use patterns 


A wide variety of tillage systems has been developed and/or 
described over the past 40 years. Conventional tillage meth- 
ods were designed to prepare a smooth residue-free seedbed, 
reduce weed populations, disrupt the life cycles of insect 
pests, and bury disease organisms. Pesticides are used to aid 
in this control. Conservation tillage systems, on the other 
hand, involve far less soil disturbance and use previous crop 
residues as a mulch to reduce soil erosion and conserve mois- 
ture. Labor and energy costs are usually reduced because of 
decreased machine operations. Herbicides, insecticides, and 
fungicides are used to control weeds, insects, and diseases 
that find a favorable habitat in this increased residue environ- 
ment. While pesticides are used in conjunction with conven- 
tional tillage systems, conservation systems are often said to 
rely more heavily on the use of pesticides. 


Current national interest is focusing on water quality and 
food safety, especially concerning the use of pesticides in 
crop production. The conservation compliance provisions of 
the 1985 Food Security Act (FSA) require farmers by 1995 
to protect highly erodible land (HEL) through the implemen- 
tation of conservation practices or they will become ineligi- 
ble for farm program benefits. These concerns and provis- 
ions may force future changes toward conservation tillage 
systems and a change in pesticide use. 


This study examines the relationship between tillage systems 
and the proportion of corn acreage treated with specific pesti- 
cide active ingredients for the 10 major producing States in 
1988 and 1989 (Illinois, Indiana, Iowa, Michigan, Minne- 
sota, Missouri, Nebraska, Ohio, South Dakota, and Wiscon- 
sin). Data on the quantity of pesticides applied were not 
available for these years. Pesticide use patterns that are iden- 
tified may have implications for public policy addressing the 
environmental concerns of water quality and food safety. 


Definitions and Methodology 


Tillage systems are defined in terms of the extent of soil dis- 
turbance and the management of previous crop residues. 


Tillage system designations are based on the estimated resi- 
due remaining immediately after planting (1). Therefore, 
mechanical cultivations for after-planting weed control are 
not included when defining tillage systems. Residue levels 
are obtained by estimating the residue remaining from the 
previous crop and reducing this residue level by the incorpo- 
ration rate of each tillage and planting implement used. 


A conservation tillage system is defined as one that leaves 
30 percent or more of the soil surface covered with crop resi- 
due after the planting operation. Conventional tillage meth- 
ods leave less than 30 percent surface coverage and, in this 
study, are divided into those that use a moldboard plow and 
those that do not. The conservation systems include mulch 
tillage, no-till, and ridge tillage. For analytical purposes in 
this study, no-till and ridge tillage are combined into a no- 
ridge category. 


Results 


Since conservation tillage systems, particularly no-ridge till, 
reduce the options for mechanical weed control, increased 
pesticide treatments might be expected to substitute for the 
reduced tillage activities. Survey results, however, indicate 
little difference among tillage systems in the percentage of 
acres treated or in the number of treatments with herbicides 
(table A-1). While the number of treatments is nearly equal 
for all tillage systems, the use of combination mixes is more 
prevalent in no-ridge tillage systems (table A-2). 


The number of mechanical weed control cultivations over 
1988 and 1989 averaged about 1.3 for conventional and 
mulch tillage to about 1.5 for no-ridge tillage. Even though 
ridge till often includes after-planting cultivations to main- 
tain the ridges as well as to control weeds, the percentage of 
no-ridge tillage acres that were cultivated was much less 
than for other tillage systems. 


The average number of insecticide applications was quite 
similar across tillage systems. A slightly higher percentage 


35 


Table A-1--Corn acres treated with pesticide and cultivated for weed control by tillage system, 1988 and 1989 


Conventional Conservation 
With 1/ Without 1/ _ Mulch — No-ridge 

Item “1988 1989 1988 1989 Wissaientpss 1988 1989 
Planted acres (1,000) 11,096 11,061 30,889 34,235 7,445 9,547 3571158055 
Percent previous crop residue: 2 2 16 16 38 38 60 64 
Herbicides: 

Percent treated 93 94 98 98 95 94 99 100 

Average no. of applications 26 = lest Taser 59 1.38 1.39 1232771535 
Insecticides: 

Percent treated 35 34 34 29 40 40 40 

Average no. of applications 1201 a0 1.03 1.03 105 Se 12.02 Vo 2iieO5 
Weed control cultivations: 

Percent cultivated 77 75 84 19 87 83 45 57 

Average no. of cultivations 1.31 1.39 1.27 1.34 1225 1.30 1.39 1.69 


1/ Moldboard plow. 


Table A-2--Corn herbicide acre-treatments ppp lies as single or as combination ingredients and number of weed control 


culftivations by tillage system, 1788 and 1969 gg ee cee 
Conventional Conservation 
With 1/ Without 1/ Mulch No-ridge 
Item 1988 1989 1988 1989 1988 1989 1988 1989 
Acre-treatments with: 2/ Percent 
Single ingredient: 48 50 43 51 48 53 40 39 
2-way combinations: 47 44 52 44 47 42 45 43 
3-way+ combinations: 4 5 4 4 3 4 14 Vf 
Weed control cultivations: 
0 cultivations 23 25 16 21 13 17 55 43 
1 cultivation 55 50 63 56 66 60 2Olmmea 
2 cultivations 21 20 19 20 21 2 18 32 
3+ cultivations 1 4 2 3 1 4 


1/ Moldboard plow. 2/ Acre treatments = treated acres times average applications. 


of acres treated was reported for mulch and no-ridge tillage Active Ingredients 
systems than for conventional systems. This could be due in 
part to a higher proportion of conservation tillage rotations Herbicides 


containing corn following corn, which allows a buildup of 


corn rootworm. Herbicide products can be applied as single active ingredi- 


ents or as combination mixes where two or more active in- 
gredients are combined and applied together in one trip over 
the field. Because a single herbicide does not effectively 
control all weed species, herbicide combinations broaden the 
spectrum of weed control. Combination mixes can be either 
formulated premix products, or tank mixes of two or more in- 
dividual products. In formulated premix products, the manu- 
facturer mixes the active ingredients before packaging and 
sale to the farmer. With tank mixes, the farmer purchases 
the active ingredients separately and mixes them ina spray 
tank before field application. 


About 50 percent of the acreage treated with herbicides re- 
ceived combination mixes as opposed to single active ingre- 
dients (table A-2), This held true for all except no-ridge till, 
where 60 percent was treated with combination mixes, the 
10-percent difference made up of the three or more combina- 
tions. The use of more combinations of herbicides in no- 
ridge till could be due to broader spectrum weed problems re- 
sulting from herbicide non-incorporation and/or decreased 
tillage operations. Other factors may be an attempt to mini- 
mize trips over the field and the possibility that no-ridge-till 
operators are better managers who mix chemicals to target 


their weed control efforts more effectively. Atrazine and alachlor, applied either as single materials or in 


combination mixes, were the two most commonly used herbi- 
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With 1/ Without 1/ Mulch No-ridge 
De ees tee Ab Meee tao cet.) 1988 1989 1988 1989 1988 1989 1988 1989 
Acre-treatments by active ingredient: 2/ 
pie he mere aloe peeing 
achlor 9 8 is 8 (i 12 z 7 
Atrazine. 12 11 9 5 8 6 9 5 
Bromoxyni l 3 1 2 2 3 2 1 3 
Butylate nr Y 1 1 nr 3 nr one 
Cyanazine 3 2 2 3 3 1 4 4 
Dicamba 5 6 5 ie 5 5 6 6 
EPTC 5 7 4 6 6 5 1 nr 
Glyphosate * 2 * ts 1 < 3 1 
Metolachlor 3 6 5 8 8 10 3 6 
Paraquat nr nr nr * nr * 1 2 
Propachlor 1 Be 1 1 1 2 2 on 
cs 5 5 a ie 7 4 2 5 
Other 1 2 1 3 nr 2 1 1 
Combinations-- 
Atrazine + alachlor 19 11 15 11 12 9 6 14 
Atrazine + bromoxynil 1 1 2 2 3 4 1 2 
Atrazine + butylate 1 4 5 3 2 1 hie Or 
Atrazine + cyanazine 3 3 6 5 11 MG Sees 
Atrazine + dicamba 1 4 2 4 3 4 2 2 
Atrazine + EPTC 2 2 1 1 2 nr nr 1 
Atrazine + metolachlor 9 8 12 8 9 6 fo uke 
Atrazine + pena inessenn nr 1 ie 1 1 1 Ar awnr 
Atrazine + 2,4-D > ” * i a 1 eerie 
Cyanazine + alachlor 3 3 1 2 1 1 2 1 
Cyanazine + metolachlor 1 2 1 1 cd 1 nronr 
Dicamba + 2,4-D 3 2 3 3 2 4 4 1 
Other 2-way 4 4 5 4 2 4 3 2 
3-way 4 5 4 4 3 4 14 17 
Total 100 100 100 100 100 100 100 100 


nr = None reported. ™* = Less than 1 percent. 


1/ Moldboard plow. 2/ Acre-treatments = treated acres times 


cides across all tillage systems (table A-3). Atrazine is very 
effective in controlling annual broadleaf weeds and can be 
applied preplant, preemergence, or postemergence. Alachlor 
controls annual grasses and can be applied preplant or pre- 
emergence. It also helps control yellow nutsedge. A mix of 
atrazine + metolachlor was also used across all tillage sys- 
tems. Metolachlor is from the same chemical family as al- 
achlor and thus is often used as a substitute. Dicamba, 2,4- 
D, and metolachlor are other single materials that were used 
across all tillage systems. Dicamba and 2,4-D are effective 
in controlling actively growing broadleaf weeds with little or 
no effect on grasses. 


A mix of atrazine + cyanazine was used more extensively in 
no-ridge tillage systems. Cyanazine has a shorter soil persis- 
tence and controls most annual grasses better than atrazine. 
The combination provides a broader spectrum weed control 
and requires less atrazine than would an atrazine application 
alone. This would be of particular importance in a com-soy- 
bean rotation where atrazine carryover may be a concern. It 
would also be useful if a farmer wished to make a preplant 
application and maintain the option of planting either corn or 
soybeans. During a wet spring, for example, this option 
would be desirable. 


average applications. 


Combinations of three or more active ingredients in a single 
application were more common in the no-ridge tillage sys- 
tem. All combinations included atrazine plus cyanazine, al- 
achlor, and/or metolachlor. In addition, either dicamba, 2,4- 
D, glyphosate, or paraquat were frequently included. 


The inclusion of dicamba and 2,4-D in these combination 
mixes provides effective low-cost control of emerged broad- 
leaf weeds. Glyphosate and paraquat are nonselective herbi- 
cides used to control existing vegetation before the crop 
emerges and are fairly expensive. Glyphosate translocates to 
the roots, giving excellent control of annual weeds and good 
control of perennial weeds. Paraquat kills annual weeds but 
only knocks down the foliage of perennial weeds and, since 
it is not translocated to the roots, regrowth of perennials can 
occur. 


“Conventional wisdom” sometimes assumes that a no-ridge 
tillage system needs a nonselective herbicide (paraquat or 
glyphosate) to kill existing vegetation before planting. How- 
ever, survey results do not indicate this type of use. This is 
largely explained by the fact that in the 10 surveyed States, 
only a small proportion of the corn acreage is planted into 
the type of residue (alfalfa, grass, or a cover crop) (2) where 
such an herbicide is needed. 
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Table A-4--Insecticide acre-treatments by active ingredient and tillage 


system a PA eee 
i a Te Conventional Conservation 
With 1/. Without 1/ Mulch No-ridge 
Item 1988 1989 1988 1989 1988 1989 1988 1989 
Acre-treatments by active Percent 
ingredient: 2/ 
Carbofuran 10 7 6 6 it 8 16 10 
Chlorpyrifos 25 31 31 29 35 18 23 20 
Fonofos 14 8 11 12 14 20 14 10 
Permethrin 2 1 6 4 3 2 nr 4 
Phorate 12 10 i 6 4 6 5 
Terbufos 32 34 32 33 28 37 31 37 
Other 5 10 6 10 8 8 9 15 
Total 100 100 100 100 100 100 100 100 


1/ Moldboard plow. 
applications. 


Insecticides 


Terbufos and chlorpyrifos were the two most widely used in- 
secticides across all tillage systems (table A-4). Both materi- 
als are used to control corn rootworm larvae, which can be a 
problem in cropping patterns of corn following corn. In addi- 
tion, chlorpyrifos can be used to control cutworms, which 
may be more of a problem in conservation tillage systems. 


Summary and Conclusions 


The percentage of acres treated and the number of pesticide 
applications did not indicate significant differences between 
tillage systems in 1988 and 1989 corn production. The no- 
till and ridge-till systems employed greater use of combina- 
tion mixes than other tillage systems. Other pest manage- 
ment practices, the crop rotation, yearly moisture and its tim- 
ing, and other factors influencing pest populations would ap- 
pear to have a greater impact upon the extent of pesticide use 
than the type of tillage system. 


38 


2/ Acre-treatments = 


treated acres times average 


Half of the herbicide applications were applied as combina- 
tions of two or more active ingredients. Herbicides used in 
no-ridge tillage contained more combinations of three or 
more active ingredients. The weed problem in no-ridge till- 
age may be of a broader nature since preplant incorporation 
of herbicides is not possible in these tillage systems. 
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A Statistical Analysis of Fertilizer Application Rate Differences 
Between 1989 and 1990 


Harold H. Taylor 


Abstract: Differences between 1989 and 1990 mean application rates of nitrogen, phos- 
phate, and potash on corn, cotton, soybeans, rice, and wheat were evaluated to determine if 
any of these variations were statistically different from zero at the 1-, 5-, or 10-percent level 
of confidence. Differences in nitrogen application rates on soybeans, rice, and winter wheat; 
phosphate on winter wheat; and potash on cotton and soybeans were significant at the 1-per- 
cent level. Potash used on rice was significant at the 10-percent level. More differences 
were found to be significant for each crop by State since State-level analysis was done from 
smaller sample sizes and with more variability than for area data. 


Keywords: Nitrogen, phosphate, potash, mean differences, statistical analysis 


Yearly variation in fertilizer application rates derived from a 
probability-based survey can be explained by a variety of fac- 
tors. Sample size, design, and data estimates, as well as in- 
terviewer error are contributing factors. In addition, farmers 
may adjust the amount per application and the number of ap- 
plications per crop year. Farmers make modifications when 
future market conditions are expected to change, when Gov- 
ernment programs or program participation levels change, 
when excessive wet or dry weather conditions exist, when 
purchase costs of fertilizer change, or when nutrient car- 
ryover in the soil from the previous year varies significantly 
from expectations. The goal of this report is to analyze the 
difference in mean application rates in 1989 and 1990, if 
any, under the assumption of no statistical difference. 


Statistical Procedure 


Fertilizer application rates for corn, cotton, soybeans, rice, 
and wheat were estimated from a survey of fields in the 
major producing States for 1989 and 1990. The quantity of 
nitrogen, phosphate, and potash per fertilizer application for 
each selected field, and the number of applications per field 
were used to estimate per-acre application rates of nitrogen, 
phosphate, and potash. The survey design determined how 
field- level data (average application rates for each field in 
the survey) would be weighted to derive per-acre average ap- 
plication rates representative of each State and for the total 
sample area. 


A General Linear Model was used to evaluate State and area 
differences in nitrogen, phosphate, and potash application 
rates between 1989 and 1990 for corn, cotton, soybeans, 
rice, and wheat, and to determine whether these differences 
were statistically different from zero at a specified level of 
significance. The analysis used weighted least squares re- 
gression procedures and dummy variables in model formula- 
tions (1,2,3,4,5). For each observation sampled, the com- 
puted application rate became the dependent variable with 
year (a set of dummy variables) as the independent variable. 


When the regression equation was solved, the constant term 
contained the mean value for 1990, and the value for the 
dummy variable (year) contained the difference between the 
means of the two years. The F statistic was then used to test 
the null hypothesis of no difference in average application 
rates between 1989 and 1990 at the 10-, 5-, and 1-percent 
levels of confidence. 


The level of confidence is a measurement that indicates the 
degree of reliability placed on the hypothesis of no differ- 
ence between means. For example, at the 10-percent level of 
confidence there is a chance that in 10 out of 100 times a 
wrong conclusion can be made (i.e., differences in means are 
significantly different from zero but we conclude that there 
is no difference). At the 1-percent level of confidence there 
is a chance that in 1 out of 100 times a wrong conclusion can 
be made. 


Table B-1 contains the average application rates for 1989 
and 1990 and their differences by crop, while tables B-2 to 
B-6 contain the same information by crop and State. Differ- 
ences in average application rates that were found to be sta- 
tistically different from zero at a specified level of signifi- 
cance are indicated. 


Results of the Analysis 


Differences in the average nitrogen application rates on soy- 
beans, rice, and winter wheat were statistically different 
from zero at the 1-percent level of confidence (table B-1). 
Differences in mean nitrogen application rates for the other 
crops were not found to be significant. Winter wheat was 
the only crop which had a statistical difference in the mean 
phosphate application rate. This difference was significant 
at the 1-percent level. Only cotton, soybeans, and rice 
showed statistical differences in the mean potash application 
rates. Differences for cotton and soybeans were significant 
at the 1- percent level, and for rice at the 10-percent level. 
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Nitrogen Picspate. 0) Nee Potash i, ae 
au "159904989 Difference -«—=«1990+=«1989 Difference _———=—=_—'1990_—‘1989 Difference _ 
Cothipemey GP 9) 430-08. 00 13402  O-008e SP) aage 6039 enL59L22 Men 83.77 80.95 ES) 
Catton tea ts ae 14 2OMMEL DEE? << -4L67 47.31 39.99 -7.33 # 
Soybeans PWG | A7iBA «<6 * L7ioG LB 7S RAD 81.02 73.720 -7.31 
Rice 114.43 124186 10.42 * £5: SCM Le oe OT. 48.95.» 4h.76 | hah 
Wheat 

Duru 55.3 MeeSS Olea tue 2027 25.28 26.30 1.02 7:55. uh860) eee 
Spring 59°74 «81.86 =0.87 $349) 307380 3211 22°98 24101 1.03 
Winter 62.41 68.63 6.22 * 38.33 41.87 3154 * 56, BoM ins6u00, <0. 86 


* = Difference in means is significantly different from zero at the 1-percent level of confidence. 
*** = Difference in means is significantly different from zero at the 10-percent level of confidence. 


Table B-2--Comparision between mean application rates for corn by State (1989 and 1990) 


Nitrogen Phosphate Potash 

Cro wn nee renee =e wren eee rrr nnn rere ne re ee a hi 
1990 1989 Difference 1990 1989 Difference 1990 1989 Difference 

Corn: 
Illinois 163.75 160.38 -3.37 81.47 74.34 =/.135, ** 107.38 101.47 -5.91 
Indiana 139.22 133.08 -6.14 74.75 78.33 3.58 T1143 109.63 -1.50 
Iowa 127.35 128.04 0.69 58.17 57.38 -0.79 74.49 69.27 -5.22 *** 
Michigan 122.75 111.06 -11.69 See 52.19 0.07 95.42 104.99 9.57 
Minnesota 113.48 114.78 1.30 51.00 49.27 -1.73 69.14 63.41 -5 
Missouri 133.25 139.99 6.74 57.94 58.07 0.13 179.76 72.29 -7.47 
Nebraska 143.535 145.32 1.79 31.46 36.11 4.65 ** 22.20 23.34 AetG 
Ohio 151.28 143.06 -8.22 71.68 71.67 -0.01 101.38 101.26 -0.12 
South Dakota 19.72 69.18 -10.54 *** 41.80 33.19 =OON) aaa 23.56 22.97 -0.59 
Wisconsin 78.70 87.71 9.01 51.51 54.89 3.37 74.19 72.81 -1.39 

Area 132-08" 131-22 -0.86 60.39 59.22 alee fa 83.77 80.95 -2.83 


** = Difference in means is glap Ceepery different from zero at the 5-percent level of confidence. 
*** = Difference in means is significantly different from zero at the 10-percent level of confidence. 


Table B-3--Comparision between mean application rates for cotton by State (1989 and 1990) 


“ Nitrogen Phosphate Potash 

POD tenn nnn nr tne n ern n errr tern rrr errr creer cr reer rrr ere rene enn rene nnn ne nnn nee eee 
‘ 1990 1989 Difference 1990 1989 Difference 1990 1989 Difference 

Cotton: 
Arizona 155.37 178.33 22.96 *** 67.68 64.07 -3.61 20.72 2.30 -18.42 
Arkansas _ 85.27 79.73 -5.54 35.84 35.28 -0.56 56.86 61.60 4.74 
California 139.83 123.03 -16.81 ** 68.03 55.61 -12.42 *** 39.97 14.17 -25.80 * 
Louisiana _ 77.22 86.19 8.97 48.49 44.76 “5.13 62.22 55.01 = Tee 
Mississippi 109.34 103.11 -6.23 50.31 49.27 -1.04 78.08 65.31 2. ne 
Texas 59.49 47.91 =11.58 * 40.12 37.40 =2 02 17.08 11.77 = Sele 

Area 85.76 83.58 -2.18 44.29 42.62 =1.67 47.31 39.99 = aoe 


* = Difference in means is Slab abeartly different from zero at the 1-percent level of confidence. 
** = Difference in means is significant Y different from zero at the 5-percent level of confidence. 
*** = Difference in means is significantly different from zero at the 10-percent level of confidence. 


Table B-4--Comparision between mean application rates for soybeans by State (1989 and 1990) 


Nitrogen Phosphate Potash 
rop ad a al ga ll do le le a yo tele aC 
1990 1989 Difference 1990 1989 Difference 1990 1989 Difference 
rae 38.42 ASeve 22.70 ** 
rkansas : : ! 53.05 36.60 -16.45 * 66.77 56.67 105 Whee 
Georgia 18.69 19.54 0.85 40.43 40.47 0.04 68.67 76.10 7.43 
Illinois 25.25 17.29 -7.96 58.23 54.12 “4.11 95.62 5.09 -10.53 
Indiana 15.82 12.23 =5.5 41.08 47.51 6.43 90.32 81.39 -8.93 
Iowa 33.71 15.90 -17.81 *** 40.16 50.43 10.27 ** 56.07 68.19 iene. 
Kentucky 39.58 24.25 -15.33 ** 71.51 62.79 -8.72 84.07 (250 -8.56 
Louisiana 22.99 23.64 0.65 44.88 40.84 -4.04 54.71 60.06 5.35 
Minnesota | 15.91 15.61 -0.30 33.54 33.54 0.01 62.27 51.03 -11.24 
Mississippi 43.29 15.54 -27.74 38.73 41.66 2.92 67.27 62.83 -4.44 
MIssouri 20.73 24.90 0.76 41.33 40.78 -0.55 62.69 68.87 6.18 
Nebraska ; 32.02 15.54 -16.47 40.39 35.54 -4.85 32.00 22.57 -9.43 
North Carolina 15.93 24.47 8.54 40.42 39.82 -0.60 54 79.80 -4.75 
Ohio 11.10 13.97 2.87 47.94 54.71 Gant 105.42 92.89 -12.52 
Tennessee 30.03 20.90 -9.13 41.56 42.61 1.04 55.97 60.92 96 
Area 
24.16 17.84 -6.32 * 47.24 45.75 -1.49 81.02 To. 72 =f. 5ST* 


* = Difference in means is significantly different from zero at the 1-percent level of confi 
** = Difference in means is significantly different from zero at the 54 ercent level of A es 
*** = Difference in means is significantly different from zero at the 10 percent level of confidence. 
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Table B-5--Comparision between mean application rates for rice by State (1989 and 1990) 


reer ne. Wate ITROSeO a 9 wt Phosphate Potash 
Poo A eink ee 1990 eae 1989 Difference 1990 1989 Difference 1990 1989 Difference 
ADSL = > ae > curacy pea lee sel te ial al fal le RI a cea Dal fa ell alr ial 
Arkansas _ 114.10 125.14 11.04 ** 46.7 é a ‘ 7 
California nr 144.35 ne i 30.73 ‘dee fe 10.46 ee a 
Louisiana 115.13 108.68 -6.45 44.58 46.93 2.34 45.34 44.68 -0.66 
Area 114.43 124.86 10.42 * 45.20 44.72 -0.47 48.95 44.74 =e Calmnae 


a Difference in means is significantly different from zero at the 1-percent level of confidence. 
= Difference in means is significant Y different from zero at the 5-percent level of confidence. 
y 


*** = Difference in means is significant 


For all other crops and nutrients, the mean application rates 
were not statistically different between 1989 and 1990. 


A greater variation in mean application rates for nitrogen, 
phosphate, and potash existed at the State level for each 
crop. For example, mean differences in application rates on 
the U.S. corn crop for each nutrient were not significant; 
however, some State-level comparisons of differences for 
corn were significant (table B-2). Significant mean differ- 
ences at the 10-percent level for nitrogen and phosphate ap- 
plication rates on corn existed for South Dakota, and potash 
application rates for Iowa. Phosphate application rates on 
com were statistically different from zero at the 5-percent 
level in Illinois and Nebraska. 


Mean differences in application rates on the U.S. cotton crop 
were not found to be statistically different from zero for ni- 
trogen and phosphate, but the potash application rate differ- 
ence was significant at the 1-percent level (table B-3). How- 
ever, at the State level, significant differences in application 
rates for each of the nutrients were detected. Significant dif- 
ferences were obtained for mean nitrogen application rates 
for Arizona, California, and Texas at the 10-, 5-, and 1-per- 
cent levels. The difference in the mean phosphate applica- 
tion rate for California cotton was significant at the 10-per- 
cent level, while potash differences were significant for Cali- 
fornia, Mississippi, and Texas cotton at the 1-, 5-, and 5-per- 
cent levels. 


State-level differences in soybean application rates for nitro- 
gen, phosphate, and potash were also significant among 
some States (table B-4). Differences in nitrogen application 
rates were significantly different from zero for Arkansas soy- 
beans at the 5-percent level, Iowa soybeans at the 10-percent 
level, and Kentucky soybeans at the 5-percent level. Differ- 
ences in phosphate application rates for Arkansas and Iowa 
soybeans were significant at the 1- and 5-percent levels. The 
difference in the mean potash application rate for Arkansas 
soybeans was significant at the 5-percent level. No other 
States had a significant difference in soybean potash applica- 
tion rates, indicating that potash application rates likely were 
unchanged between 1989 and 1990. 


The State of Arkansas had statistically significant differ- 
ences in mean application rates for rice for all three nutrients 


different from zero at the 10-percent level of confidence. 


(table B-5). Differences in nitrogen and potash application 
rates were significant at the 5-percent level, and phosphate at 
the 1-percent level. No other rice States had statistically sig- 
nificant differences in average application rates. 


State-level spring wheat showed statistical differences in 
mean application rates for nitrogen and potash at the 10-per- 
cent level (table B-6). Minnesota and South Dakota showed 
differences for nitrogen, while differences were found in 
North and South Dakota for potash. No other spring wheat 
States had significant differences in average application rates. 


Winter wheat State-level data showed significant differences 
for some States and nutrients (table B-6). Differences in 
mean nitrogen application rates for Kansas were significant 
at the 10-percent level, while for Montana, Nebraska, and 
Oklahoma, differences were significant at the 5-percent 
level. Kansas and Washington were the only winter wheat 
States that showed a significant difference in phosphate ap- 
plication rates. Differences in phosphate application rates in 
Kansas were significant at the 10-percent level, while in 
Washington differences were significant at the 5-percent 


‘level. The States of Illinois and Texas had significant differ- 


ences in potash application rates at the 10- and 5-percent lev- 
els. 


Generalization 


At the aggregate area level of analysis, differences in mean 
application rates for a specified level of significance are less 
than at the State level since State-level data are obtained 
from a smaller sample size and have greater variation than 
the area-level data. For example, 1989-90 area-level differ- 
ences in nitrogen application rates for soybeans and winter 
wheat of over 6 pounds per acre are needed to be considered 
significantly different from zero at the 1-percent level of con- 
fidence. 


No significant differences in nitrogen application rates at the 
1-percent level of confidence were detected for any State- 
level data. However, nitrogen differences of 15.3 and 22.7 
pounds per acre for Kentucky and Arkansas soybeans are 
necessary for significance at the 5-percent level of confi- 
dence, while winter wheat States of Montana, Nebraska, and 
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Nitrogen Phosphate Potash 
Cro ee wregpaee == =Scinn > Sore earr ens ~ SSRI "9 ea eee een 
‘ 1990 1989 Difference 1990 1989 Difference 1990 1989 Difference 
Durum wheat: 
North Dakota 35.31 33.04 -2.27 25.28 26.30 1.02 feD>) 4.86 -2.69 
Spring wheat: 
eidako nr 99.40 nr nr 47.62 nr nr 30.50 
Minnesota 82.70 71.76 -10.94 *** 42.38 37.32 -5.07 34.47 27.82 -6.65 
Montana 39.33 33.32 -6.00 29.68 24.02 -5.66 6.86 15.19 8.33 
North Dakota 44.32 44.17 -0.15 Sie 28.54 -2.58 12.47 19.95 7.49 xx 
South Dakota 40.45 53.77 13.31 *** 28.83 27.86 -0.97 7.80 21.67 13.87 *** 
Area 52.74 51.86 -0.87 33.49 30.38 -3.11 22.98 24.01 1.03 
Winter wheat: 
Arkansas 99.95 99.13 -0.82 41.12 44.98 3.86 55.03 53.66 -1.67 
California nr 104.88 nr nr 42.58 nr nr 22.09 nr 
Colorado 40.66 45.22 4.56 22.47 32.19 9.72 nr nr nr 
Idaho nr 92.37 nr nr 35.67 nr nr 32.80 nr 
Illinois 85.30 90.14 4.84 73.80 72.24 -1.56 91.34 79.29 -12.05 *** 
Indiana nr 76.36 nr nr 62.75 nr nr 65.31 nr 
Kansas 49.14 53.44 4.30 *** 29.12 32.01 2589 *** 20.84 28.55 7.70 
Missouri 84.19 86.24 2.05 51.40 54.23 2.82 70.70 66.64 -4.06 
Montana 47.04 34.39 -12.65 ** 27.75 27.94 0.19 Nase 7.59 -9.78 
Nebraska 50.48 40.92 -9.55 ** 27.39 30.41 3.02 5c75 nr nr 
Ohio (oes 78.72 3.48 65.66 60.20 -5.45 70ers 66.84 -3.47 
Oklahoma 65.22 75.01 9.79 ** 33.86 36.40 2.54 Zonee 22.03 -3.18 
Oregon nr 75.20 nr nr 43.79 nr nr 37.93 nr 
South Dakota 35.43 nr nr 24.23 nr nr 4.74 nr nr 
Texas 88.01 88.56 0.54 36.53 40.72 4.19 10.06 25.91 15.85 ** 
Washington 64.84 65.99 15 19.37 29.70 OSS Sa 2.00 liher4s} 9.28 
Area 62.41 68.63 6.22 * 38.33 41.87 3.54 * 56.86 56.00 -0.86 


* = Difference in means is Cee ee ay different from zero at the 1-percent level of confidence. 
** = Difference in means is significant Y different from zero at the 5-percent level of confidence. 
*** = Difference in means is significantly different from zero at the 10-percemt level of confidence. 


Oklahoma require nitrogen differences of 12.7, 9.6, and 9.8 Similar comparisons could be made for the other crops and 
pounds per acre. Kansas requires a difference of 4.3 pounds States. What is clear is that sampling variation must be con- 
for significance at the 10-percent level. sidered before concluding that fertilizer application rates 


have increased or decreased from one year to the next. 
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Cropping Pattern Comparisons Between 1989 and 1988 


y 
Mohinder Gill and Stan Daberkow 


Abstract: Based on survey data for 1988 and 1989, crop patterns were compared for the 
major field crops. The analysis indicates that while overall cropping patterns remained sta- 
ble between the two years, individual States exhibited some changes. The 1989 data indicate 
that for most areas of the United States, wide use of crop rotation continues. However, for 
certain crops and States, continuous cropping is still practiced because of economic and 


agroclimatic factors. 


Keywords: Cropping pattem, crop rotations, production, diversity 


Crop rotation continues to be emphasized as a production 
practice to reduce chemical use in agriculture, control soil 
erosion, improve soil productivity, assist in risk manage- 
ment, and possibly contribute to profitability (1,4). For ex- 
ample, 1987 continuous com land in the 10 largest corn pro- 
ducing States received over 10 more pounds of nitrogen per 
acre than did noncontinuous corn (5). In addition, about 75 
percent of the continuous corn acres were treated with insec- 
ticides, compared with less than 30 percent of the noncontin- 
uous corn acres. Field trials on corn rootworm have shown 
that the life cycle of the pest is interrupted, and less insecti- 
cide required, when corn is preceded by another crop (3). 
The “rotation effect,” which is the effect on yield as farmers 
move away from monoculture cropping, has been shown by 
most research to be positive (4). Numerous research, educa- 
tion, and extension activities are underway to explore the po- 
tential of adopting crop rotation in all regions of the United 
States. 


The recently passed 1990 farm bill includes several pro- 
grams aimed at either removing barriers or providing finan- 
cial incentives to adopt crop rotation. Specific provisions en- 
couraging rotation include the new crop base flexibility regu- 
lations, the Agricultural Water Quality Incentive Program, 
the Integrated Farm Management Option, and increased au- 
thorizations for research on sustainable agriculture and inte- 
grated management systems. 


This article uses survey data for major field crops grown in 
1988 and 1989 and examines the share of acreage on which 
various three-year cropping patterns were practiced. Survey 
data for the major field crops produced during 1989 indicate 
that for most areas of the United States, farmers are already 
extensively utilizing crop rotations. While individual States 
vary their cropping patterns from year to year, comparisons 
between 1988 and 1989 crop production patterns indicate lit- 
tle overall change. For certain crops and States, continuous 
cropping is still widely practiced. Farmers in these areas of 
the country will likely examine and take advantage of the 
various crop rotation incentives provided by the 1990 farm 
bill. 


Corn 


In 1989, in the 10 major corn producing States, the two most 
common cropping sequences on land producing com were 
continuous corn production and corn-soybean-corn rotations 
(table C-1)—-similar to the 1988 cropping pattern. These 
two sequences were used on nearly 61 percent of the 1989 
acreage and 65 percent of 1988 acreage. Continuous corn 
was most common in Nebraska—60 percent in 1989 and 62 
percent in 1988. The share of the irrigated areas of the State 
which followed this pattern was 79 percent in both years. 
Fixed investment in irrigation capital and heavy participation 
in the commodity programs have likely contributed to a lack 
of crop diversity. 


While overall cropping patterns remained stable between 
1988 and 1989, several States exhibited some diversity. Con- 
tinuous corn production acreage in Illinois, Indiana, Minne- 
sota, and Missouri fell 7, 5, 6, and 8 percentage points be- 
tween 1988 and 1989. Soybean-corn-corn acreage, on the 
other hand, increased 3, 5, 4, and 7 percentage points. A sig- 
nificant change also occurred in Missouri where the share of 
corn-soybean-corn rotation acreage fell 15 percentage points 
and soybean-soybean-corn acreage increased 6 percentage 
points between 1988 and 1989. Both economic and environ- 
mental concerns may have contributed to these shifting land 
use patterns. 


Winter Wheat 


In the United States much of the winter wheat is grown on 
the moisture-deficient areas of the Great Plains. Therefore, 
one of the most common rotations was the moisture-conserv- 
ing wheat-fallow-wheat pattern. In 1989, 26 percent of the 
winter wheat acreage followed this rotation (table C-2). The 
States which dominantly exhibited this pattern included: Col- 
orado (72 percent), Oregon (65 percent), Washington (57 
percent), Montana (53 percent), Nebraska (52 percent), Kan- 
sas (31 percent), and Idaho (21 percent). This land use was 
similar to the use of winter wheat acreage in 1988. Only the 
ranking of States was somewhat altered between the two 
years. 
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Corn 
Corn 
Corn 
Corn 


Wheat 
Wheat 


Fallow 1/ 


Soybean 
Soybean 
Soybean 


Sub- 


Other 


rop 
987 IL 

10.90 
Corn 15 
Soybean 8 
Alfalfa 1 
Other 2 
Corn nr 
Other 4 
Other 2 
Corn 58 
Soybean 5 
Other 3 
Alfalfa * 
Other 1 
Corn nr 
Other nr 
total 97 
Other 3 
Total 100 


&S 
POA 


nr 


nr 
nr 


97 


100 


N= 


— 


99 


100 


were wew eee eee ee eeererr- 


MI MN MO State 
Million acres planted 

2.3 6.2 2.4 iso 

Percent 

33 13 10 60 
is 7 14 4 
4 5 nr 1 
13 3 3 
3 nr 6 nr 
5 * 10 3 
7 4 4 5 
8 40 22 17 
6 5 18 1 
5 4 8 nr 
4 3 nr nr 
nr “2 2 nr 
nr 2 nr nr 
nr * nr * 
92 89 95 94 
8 11 5 6 

100 100 100 100 


46 
3 
nr 


nr 
nr 


at > 


nr 
nr 


nr 
nr 


nr 
nr 


93 


WAaN®d 


NW 


AW 


nr 
nr 


97 


eee ewe em ee ee ee ee mw em ew ee eee 


1988 
SD WI Area’ Area 
3.4 526 57.9 

9 36 23 26 
1 2 7 5 
1 16 z 5) 
5 9 4 5 
6 1 a 1 
9 1 3 

9 1 4 2/ 
21 3 38 38 
3 1 5 4 
8 2 4 3 
2 16 2 4 
nr 2 1 1 
12 2 1 1 
2 nr 1 1 
88 92 98 94 
12 8 2 6 


nr = None reported. 


* = less than 1 percent. 


1/ Fallow includes land idle under farm commodity program provisions. 


2/ Included in other. 


Table C-2--Cropping patterns used on land producing winter wheat, 1988/89 


Million acres harvested 
1.80 0.88 9.60 


Corn 
Corn 


Wheat 
Wheat 


Soybean 
Soybean 
Soybean 
Soybean 


Fallow 
Fallow 
Fallow 
Fallow 


Cotton 
Cotton 


Ss 


Other 


Soybean 
Other 


Wheat 
Other 


Wheat 
Soybean 
Corn 
Other 


1/ Wheat 
Barley 
Sorghum 
Other 


Cotton 
Other 


ub-total 


Other 


NSO MNOS iene Om ORSi 


nr 
nr 


41 
45 
nr 
24 


nr 
nr 
nr 
11 


mW 


nr = None reported. 


1/ Fallow includes land idled under farm commodity program provisions. 
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nr 
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= Less than 1 percent. 
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nr 
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nr 
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nr 
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3 0 
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23 nr 
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= 7 
3 15 
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3 13 
31 nr 
x nr 
11 nr 
iG 4 
nr nr 
nr nr 
91 88 
9 12 
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MT NE 
1.70 2.05 
nr nr 
nr nr 
nr 5 
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nr nr 
nr nr 
nr nr 
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nr nr 
nr nr 
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nr 
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Table EadteCropp ipa patterns used on land producing spring and durum wheat, 


SE eR Ss oS ce ae ae) San es oe nw mp ak (as Se On| ae) bm on So’ ae eo Yes tele es ee be we ew ame eve 


ee gta oe es em 5 OA ET AR, SOS ws | GF {GD 8 mm YS) sh kph a Cm, we) eh, ae) cin! fm Sabra} cov sna cafe (cb sal Vid Tews aad lcs) as Foe ee fe ea celts co 


1988 1988 


Million acres planted 


0.58 2.60 3.50 7.70 2.20 


Percent 

Soybean Corn nr 11 nr 1 
Soybean Wheat nr 16 nr 4 
Soybean Other nr 5 nr 4 
Fallow 1/ Wheat 8 4 62 AiG 
Fallow Barley nr nr 16 2) 
Fallow Other nr nr 3 10 
Potatoes Wheat 12 1 nr 1 
Potatoes Other 12 1 nr nr 
Sugarbeet Wheat 4 nr nr 2 
Sugarbeet Other 10 4 nr 1 
Corn Other nr Ait nr 3 
Wheat Wheat 8 i) 2 11 
Wheat Fallow 2 4 5 12 
Wheat Other 14 12 2 9 
Barley Other 10 7 5 3 
Sub-total 80 89 93 83 

Other Other 20 11 7 17 
Total 100 100 100 100 


16.58 9.78 3.00 2.5 


4 3 2 nr nr 
8 6 6 nr 1 
6 3 3 nr 
14 24 27 St 39 
or 6 8 6 18 
6 7 14 12 20 
or 1 1 nr nr 
nr 1 2 nr 1 
nr 1 3 nr 1 
nr 1 2/ nr 2/ 
16 5 4 nr 1 
12 10 2/ 5 2/ 
4 8 2/ 22 2/ 
6 ie 13 2 15 
10 5 2/ Uf 2/ 
86 88 83 92 96 
14 2 17 8 4 


wm eee eee ee ee ee eee eee ee em em wee ee eee ee ee ee ee ee ew ee ee ee ee ee ee ee ew ee ee ee eee wee ee 


nr = None reported. 


1/ Fallow includes land idled under farm commodity program provision. 


2/ Included in other. 


Continuous wheat production was the second most popular 
cropping pattern. In parts of Texas, Kansas, and Oklahoma, 
enough moisture is available to permit continuous wheat pro- 
duction. While the overall cropping pattern remained rela- 
tively stable between 1988 and 1989, the individual States re- 
flected some changes from 1988. Continuous wheat acreage 
was up by 8 and 6 percentage points in Oklahoma and Kan- 
sas, falling 10 percentage points in Texas. 


These two patterns, together, were used on 49 percent of the 
1989 winter wheat acreage, only slightly lower than the 52 
percent accounted for by these patterns in 1988. 


In the more moisture-abundant Corn Belt States (Illinois, In- 
diana, Ohio, and Missouri), corn and soybeans are important 
components of winter wheat rotations. The share of 1989 
winter wheat acreage in com-soybean-wheat rotations was 
the same as in 1988, although the individual States exhibited 
substantial variation. The share of acreage in soybean-soy- 
bean-wheat rotation, on the other hand, increased somewhat. 


The barley-fallow-wheat rotation remained prevalent in Mon- 
tana and to a lesser extent in Washington. Similarly the sor- 
ghum-fallow-wheat rotation was a common pattern in Kan- 
sas and Nebraska in both years. Idaho and California grew a 
variety of crops other than soybeans, corn, and wheat, such 
as dry beans and peas, barley, irish potatoes, and sugarbeets. 


Spring Wheat 


Land used for spring wheat production in 1989 showed a va- 
riety of cropping patterns (table C-3). Wheat-fallow-wheat 
was quite common in both 1988 and 1989. Montana, with 
62 percent of its 1989 acres under this cropping practice, re- 
mained the leading State. In the other surveyed States, how- 
ever, there were changes in the proportion of acres following 
this pattern. For all surveyed States combined, nearly 40 per- 
cent of the 1989 spring wheat crop was grown on land left 
idle in the preceding year, compared with 49 percent in 

1988. In most of the surveyed States, 1989 spring wheat was 
preceded by barley on 5 to 10 percent of the acreage. 
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Where rainfall or irrigation permitted, more input-intensive 
crops were grown in the year preceding spring wheat produc- 
tion. In Idaho, 24 and 14 percent of the 1989 spring wheat 
acres were planted to potatoes and sugarbeets in the preced- 
ing year, similar to the 1988 pattern. In Minnesota, 32 per- 
cent of the spring wheat acres, in both 1989 and 1988, were 
planted to soybeans in the preceding years. Corn was grown 
on 16 percent of 1989 spring wheat acreage in the preceding 
year in South Dakota, 8 percentage points lower than in 
1988. 


North Dakota is the major State producing durum wheat, and 
55 percent of the State’s acreage planted to durum wheat in 
1989 had been left fallow in the summer of 1988 (table C-3). 
This crop sequence reflects the moisture constraint farmers 
face in this area. 


Soybeans 


Cropping patterns in most soybean producing States were 
substantially the same in 1989 and 1988. The most common 
rotation practiced by farmers was soybean-corn-soybean. 
Forty-one percent of total soybean acres in both years fol- 
lowed this cropping pattern. Iowa, Illinois, Nebraska, Min- 
nesota, Indiana, and Ohio used this rotation on 74, 60, 54, 
53, 50, and 33 percent of their 1989 soybean acres (table C- 
4). This was very close to what farmers did on land produc- 
ing soybeans in 1988. The rotation pattern was common be- 


cause soybeans, in addition to competing economically with 
other crops, provide a natural source of nitrogen and a non- 
chemical means of controlling certain insects in the succeed- 
ing crops. Yields of corn and wheat crops planted after soy- 
beans are, on average, 5-10 percent higher than those of corn 
and wheat crops planted after nonleguminous crops (2). Sor- 
ghum was another crop used on soybean acres in 1989 in Ne- 
braska and Missouri. Its share was 14 and 8 percent in these 
States. 


Another common practice was continuous soybean produc- 
tion. This practice was mostly used in the Southern States 
such as Arkansas, Louisiana, Mississippi, Missouri, and Ten- 
nessee in both 1989 and 1988. It appears to be a profitable 
practice in these States, although lack of program base acre- 
age may have limited the diversity of cropping patterns on 
some farms. While soybeans in the South receive more her- 
bicide treatment than in the North, very little insecticide is 
used on soybeans grown in the South. 


In Georgia one of the common rotation practices was pea- 
nuts and soybeans. Fifteen percent of 1989 soybean acres 
grew peanuts the preceding year. The share was about the 
same in 1988. About 20 percent of soybean acres grew 
wheat the preceding year, and another 9 percent produced 
soybeans in both 1988 and 1989. 


Table C-4--Cropping patterns used on land producing soybeans, 1989 


one c eee eee eeee-- 1988 
1988 1987 AR GA IL IN IA KY LA MN MS MO NE NC OH ™N Area Area 
Million acres planted) " (?' SR SF 8 
Sa5 ee 8.8 4.0 Ged" lee 1595) 5205 oD 4.4 2.6 1255) 4.0 W248 Staioeacera 
Percent 
Soybean Corn nr 3 ti 11 7 6 1 5 2 1 2 
Soybean Soybean 26 9 2 4 3 11 51 1 53 24 4 10 5 40 3 5 
Soybean Other 12 9 1 3 1 3 12 13 6 4 6 6 10 5 4 
Corn Corn 2 1 11 14 9 13 nr 6 1 5 
Corn Soybean nr 8 60 50 74 24 nr 53 nr 22 32 3§ 38 3 Fi 4A 
Corn Other nr 6 10 8 4 10 1 5 nr nr 4 11 1 10 6 4 
Wheat Soybean 18 5 3 1 nr 8 10 
Wheat Other 5 15 2 1 nr 12 2 14 ¢ 2 ne ; § § ¢ 
Sorghum Other 5 nr nr 1 nr 1 2 nr 4 8 14 1 nr 1 2 2/ 
Rice Soybean 17 nr nr nr nr nr 5 
Rice Other 6 nr nr nr nr nr 5 nF 3 + ne OE an pe ‘ 
Fallow 1/ Other 5 8 3 5 2 9 2 4 2 4 2 11 1 2 4 5 
Peanut Other 1 15 nr nr nr nr nr nr nr nr nr nr nr nr > 2/ 
Sub-total 97 79 99 98 100 97 91 94 92 95 97 89 95 95 97 93 
Other Other 3 21 1 2 0 3 9 6 8 5 3 11 5 5 3 c 
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 # 100 


nr = None reported. * = less than 1 percent. 


1/ Fallow includes land idled under farm commodity program provisions. 
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2/ Included in other. 


as = 


= = = 


et 
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Table pio er ope iis (patterns used on land producing 


rice, 
Previous crop 
Seen eo cae ominicl= 1988 
1988 1987 AR CA LA Area Area 
Millon acres planted 
Asis 0.42 0.52 2.08ne2eNS 
Percent 

Soybean Soybean 33 nr 16 22 20 
Soybean Rice 28 nr 20 20 20 
Soybean Other 4 nr 4 4 4 
Fallow 1/ Rice 3 3 4 3 11 
Fallow Fallow 2 1 13 5 6 
Fallow Other 2 4 3 4 
Rice Rice 5 81 9 21 18 
Rice Other 16 6 23 16 10 
Sub-total 93 93 93 94 93 

Other Other 7 ta it 6 7 
Total 100 100 100 100 100 


weer ee m ee ee eee em eee ee ee ee eee eee ee ene eee eee eee ese ees eee see 


nr = None reported. 


1/ Fallow includes land idled under farm commodity 
program provisions. 


Cotton 


Continuous cotton cropping was widely practiced in the six 
major cotton producing States in both 1988 and 1989 (table 
C-6). The share of acreage in continuous cotton increased in 
several States between 1988 and 1989. In Arizona, Arkan- 
sas, California, Louisiana, Mississippi, and Texas, continu- 
ous cotton was up 20, 8, 4, 10, 7, and 9 percentage points. 
Other crop rotation patterns were unchanged between 1988 
and 1989. Despite increased weed pressure, continuous cot- 
ton remains the most economical cropping practice in these 
States (6). 


Rice 


There was little change in rice crop rotation practices be- 
tween 1988 and 1989. The only change was observed in Cal- 
ifornia, where continuous rice production, the most popular 
pattern, increased 9 percentage points (table C-5). 


Conclusion 


The comparison shows that while individual States vary their 
cropping patterns from year to year, overall crop production 
patterns for the two surveys indicate little change. Data for 
the major field crops produced during 1989 indicate that for 
most areas of the United States, farmers are already exten- 
sively utilizing crop rotation. However, for certain crops 
and States, continuous cropping is still widely practiced. 
Farmers in these areas of the country will likely examine and 
take advantage of the various crop rotation incentives pro- 
vided by the 1990 farm bill. 


Table C-6--Cropping patterns used on land producing cotton, 1989 


ee mee eee meee ee meee seems eee eee eee ewe see ee eee eee ses eee eee esses eee eee mee eeee 


Stcia Sislpatatalainia & ate mala 1988 
1988 1987 AZ AR CA LA MS TX Area Area 
Million acres planted 
0.46 0.59 1.07 0.65 1.10 4.57 8.44 9.7 
Percent 
Sorghum Other nr nr nr or nr 5 Z 7 
Soybean Soybean nr 11 nr 1 3 * 1 2 
Soybean Other nr 5 or 3 1 1 1 1 
Cotton Cotton 58 72 47 88 84 65 67 57 
Cotton Fallow 1/ 8 nr 2 1 1 4 3 3 
Cotton Other 10 8 22 2 4 12 11 12 
Sub-total 77 97 78 97 94 89 87 82 
Other Other 23 3 22 3 6 11 13 18 
Total 100 100 100 100 100 100 100 100 
nr = None reported. * = Less than 1 percent. 


1/ Fallow includes land idled under farm commodity program provisions. 
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Appendix table 1--U.S. fertilizer imports: Declared 
value of selected materials 


Material 1988/89 1989/90 1989 1990 
’ $ million 
Nitrogen: ; 
Anhydrous ammonia 364 252 %3 88 
Aqua ammonia na 4 2 # 
Urea 252 201 52 68 
Ammonium nitrate 38 43 12 14 
Ammonium sulfate 24 29 7 5 
Sodium nitrate 16 14 3 6 
Calcium nitrate 11 10 ra 2 
Nitrogen solutions 50 28 5 6 
Other 12 G 2 2 
Total 1/ 767 588 158 191 
Phosphate: 
Ammonium phosphates 12 3 1 1 
Crude phosphates 32 Ad 6 6 
Phosphoric acid # # # # 
ro ae 7 : : 
superphosphate 
ther 1 1 # # 
Total 1/ 45 21 7 7 
Potash: 
Potassium chloride 524 500 137 141 
Potassium sulfate 15 9 2 3 
Potassium nitrate 2/ 15 15 3 3 
Total 1/ 554 524 142 147 
Mixed fertilizers 19 34 11 
Total 1/ 1,385 1,168 318 352 


na = Not available. # = Less than $500,000. 


1/ Totals may not add due to rounding. 2/ Includes 
potassium sodium nitrate. 


Source: (7). 


Statef ane ne renew enc een e meme ence nce 


region Nitrogen 
Maine : 12 
New Hampshire 3 
Vermont 4 
Massachusetts 9 
Rhode Island 2 
Connecticut 5 
New York 77 
New Jersey_ 27 
Pennsylvania 71 
Delaware 17 
Maryland 85 
NORTHEAST 313 
Michigan 221 
Wisconsin 230 
Minnesota 561 
LAKE STATES 1,011 
Ohio 306 
Indiana 447 
Illinois 952 
Iowa 934 
Missouri 402 
CORN BELT 3,041 
North Dakota 209 
South Dakota 196 
Nebraska 722 
Kansas DDS 
.NORTHERN PLAINS 1,680 
Virginia  _ 79 
West Virginia 8 
North Carolina 198 
Kentucky 179 
Tennessee 148 
APPALACHIA 613 
South Carolina 77 
Georgia 2/ 207 
Florida 246 
Alabama 113 
SOUTHEAST 643 
Mississippi 165 
Arkansas 243 
Louisiana 152 
DELTA STATES 560 
Oklahoma 349 
Texas 868 
SOUTHERN PLAINS eee 
Montana 
Idaho 177 
Wyoming 20 
Colorado 181 
New Mexico 36 
Arizona 90 
Utah 26 
Nevada 4 
MOUNTAIN 626 
Washington 198 
Oregon | 143 
California 554 
PACIFIC 896 
48 States and D.C. 10,600 
Alaska 3 
Hawaii 17 
Puerto Rico 14 
U.S. TOTAL 10,633 


— 


NOW UIR=Om 


=a 


—_ 
ON -AoO-fFN 0 


on 


_= 


UI On 


1/ Totals may not add due to rounding. 


Source: (3). 


2/ 1990 data is estimated. 
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Appendix table 3--Fertilizer use on corn for grain, 1990 


Acres receiving: Application rates Proportion fertilized 
Fields Any At or 
Acres in ferti- N P205 Kk20 N P205 K20 before After Both 
State planted 1/_ survey lizer seeding seeding 

Thousand {Os 9 BSS borScus Percent-------- =-=Pounds/acre----- <5 = s5= Pencentosssais> 
Illinois 10, 700 237 100 100 91 89 164 81 107 80 0 20 
Indiana 5,600 294 100 100 96 89 139 75 111 49 0 50 
lowa_ 12,800 595 97 96 82 80 127 58 4 86 1 1 
Michigan 2,400 70 99 96 90 94 123 52 95 52 0 48 
Minnesota 6,700 181 98 98 90 86 113 51 69 86 1 12 
Missouri 2,100 120 96 95 80 80 133 58 80 82 9 10 
Nebraska _ 7,700 202 98 98 68 34 144 31 Deen 69 5 26 
Non- irrigated 2,400 67 94 94 48 30 96 31 Count 76 13 11 
Irrigated 5,300 135 99 99 78 36 164 S2 220% 66 1 33 
Ohio 3,700 156 99 99 94 89 151 72 101 48 1 Dil 
South Dakota 3,400 113 7 7 58 33 80 42 * 24 * 79 9 fal 
Wisconsin 3,700 118 100 100 96 95 19 52 14 5 2 23 
Area 58,800 2,086 97 97 85 77 132 60 84 74 2 24 


* = CV greater than 10 percent. 


1/ Preliminary. 


Appendix table 4--Fertilizer use on cotton, 1990 


Acres receiving: Application rates Proportion fertilized 
Fields Any At or 
Acres in ferti- N P205 K20 N P205 K20 before After Both 
State planted 1/ survey lizer seeding seeding 
Thousand NC pete Peneent-------- ----Pounds/acre---- === === Perncent=>---=- 
Arizona 340 79 94 94 47 8 155 68 * el 11 59 30 
Arkansas 760 95 100 99 83 87 85 36 5h 28 4 67 
California 1,050 213 94 94 31 3 140 68 40 ** 45 22 32 
Louisiana 780 85 99 99 62 62 77 48 62 43 33 24 
Mississippi 1,200 163 99 99 42 56 109 50 78 20 21 59 
Texas 5,600 516 67 66 48 20 59 40 ITA *e 69 14 17 
Area 9,730 1,151 80 79 49 31 86 44 47 49 19 32 


* = CV greater than 10 percent. ** = CV greater than 20 percent. 


1/ Preliminary. 


Appendix table 5--Fertilizer use on rice, 1990 


Acres receiving: Application rates Proportion fertilized 
Fields Any At or “ew 
Acres in ferti- | oN P205 K20 N P205 K20 before After Both 
State planted 1/ survey lizer seeding seeding 
Thousand Nog © Feteres<ic= Percent -sss°5=a **-=Pounds/acre==== 0 Seaerr Percent------- 
Arkansas 1,230 234 98 97 15 18 114 47 Se 10 62 28 
Louisiana 570 154 99 99 81 79 115 45 45 5 58 37 
Area 1,800 388 98 97 36 37 114 45 49 9 61 31 


1/ Preliminary. 
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Appendix table 6--Fertilizer 


use on soybeans, 1990 


wee tee eee ee ee eee ee ee eee ee ee ee eee ee ee ee eee 


Acres 
State planted 1/ 
Thousand 
Northern: 
Illinois 9,200 
Indiana 4,300 
lowa 8,000 
Minnesota 4,600 
Missouri 4,200 
Nebraska 2,400 
Ohio 3,700 
Sub-area 36,400 
Southern: 
Arkansas 3,100 
Georgia 900 
Kentucky 1,250 
Louisiana _ 1,800 
Mississippi 2,100 
North Carolina 1,400 
Tennessee 1,300 
Sub- area 11,850 
Area 48,250 


Fields Any 
in ferti- N P205 K20 
survey lizer 
NO. 2 ---------- Percent------~- 
176 37 16 27 34 
253 45 22 33 44 
587 10 14 
106 13 12 12 13 
143 8 14 15 
86 15 12 5 
113 47 20 29 47 
1,464 14 20 25 
137 28 13 24 26 
5 58 72 
133 53 36 49 46 
108 31 15 30 27 
108 25 13 19 23 
137 66 50 61 66 
131 51 35 50 51 
849 41 26 38 39 
2,313 31 17 24 29 


P205 K20 
Pounds/acre---- 
5G 96 
ama 90 
xk 640 56 
aes ae 62 
“EG 63 
** 40 * 32 
ee 48 * 8105 
=A 87 
xe 53 * 67 

40 69 
xe 84 
we 45 55 
eso) 67 
* 40 85 
* 42 56 

47 70 

47 81 


At or 
before After Both 
seeding seeding 
IIS Percent------- 
95 3 2 
97 1 2 
91 9 0 
am 93 0 7 
100 0 0 
“* 93 7 0 
96 2 2 
95 3 2 
89 11 0 
97 1 1 
97 3 0 
94 6 0 
oF 93 0 7 
97 2 1) 
93 7 0 
94 5 1 
95 3 1 


* = CV greater than 10 percent. 


1/ Preliminary. 


** = CV greater than 20 percent. 


Appendix table 7--Fertilizer use on wheat, 1990 


Acres 1/ 
State 2/ 
Thousand 
Winter wheat: 
Arkansas 1,300 
Colorado 2,550 
Illinois oD 
Kansas 11,800 
Missouri 2,000 
Montana 2,600 
Nebraska 2,250 
Ohio 1,350 
Oklahoma 6,300 
South Dakota 1,700 
Texas 4,200 
Washington 2,200 
Area 40,200 
Spring wheat: 
Minnesota 2,800 
Montana 2,800 
North Dakota 8,000 
South Dakota 2,200 
Area 15,800 
Durum wheat: 
North Dakota 3,100 
All wheat 3/ 
Arkansas 1,300 
Colorado 2,990 
Illinois 1,950 
Kansas 11,800 
Minnesota 2,800 
Missouri 2,000 
Montana 5,400 
Nebraska 2,250 
North Dakota 11,100 
Ohio 1,350 
Oklahoma 6,300 
South Dakota 3,900 
Texas 4,200 
Washington 2,200 
Area 59,100 


Fields Any 
in ferti- N P205 K20 
survey lizer 
NOs 0 RSSeec ss Pencentsoaoee a= 
67 100 100 31 31 


6 100 100 90 19 
24 89 88 44 
72 96 96 78 83 
94 16 16 67 18 
84 19 19 22 
72 99 97 95 90 
157 91 91 62 10 
72 41 41 26 # 
162 66 66 35 5 
105 98 98 33 # 
1,279 84 84 48 18 
71 97 97 87 70 
64 52 52 52 9 
107 69 69 62 20 
52 58 58 44 
294 69 69 62 25 
130 61 59 57 i 
67 100 100 31 31 


66 100 100 90 19 
242 8 88 At, 
1 97 97 87 70 
96 96 78 83 
158 63 63 59 14 
84 19 19 22 nr 
237 67 66 60 16 
t2 99 97 95 90 
157 91 91 62 10 
124 51 51 36 5 
162 66 66 35 5 
105 98 98 33 # 
1,703 19 19 52 19 


* 


* *€ 


At or 
before After Both 
seeding seeding 
hielo Percent------- 
8 62 30 
80 13 7 
16 9 75 
te 63 10 27 
32 17 51 
“x 77 6 17 
14 16 9 
17 5 78 
bal 58 4 38 
51 35 15 
Rests 66 13 21 
87 3 11 
57 12 31 
* 9 1 1 
td 100 0 0 
* 99 1 0 
* 93 3 3 
* 98 1 1 
* 100 0 0 
62 30 
80 13 ile 
16 9 75 
* 63 10 a7 
* 97 1 2 
32 AiG 51 
“% 87 4 10 
14 16 10 
* 99 1 0 
17 5 78 
58 4 38 
“3 78 15 t 
“* 66 13 21 
82 3 15 
69 9 22 


Insufficient data. 


1/ Acres are harvested for winter wheat and planted for all other cro 
test in Mn, and ND; spring wheat in CO, and WA; or durum wheat in MN, 


CV greater than 10 percent. ** = 
nr = None reported. 


CV greater than 20 percent. 


hr; 


2/ Preliminary. 
and SD. 


3/ Does not include winter 
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Appendix table 8--Projected world supply-demand balances of plant nutrients for years ending June 30 


World 9 a sacaccssSeeeesee 9 9 easeseeeee—— ose) 0S Be Gein — == aaa = 
regions 1990 1995 1990 1995 1990 1995 


Developed market economies: 


Suppl 21.57 22.14 iat 17.66 16.98 16.84 
Serare 23.98 23.48 11.92 11.71 Aso 11.59 
Balance -2.41 -1.34 5.78 5.95 5.47 52D 
North America-- 
Supply 11.08 11.94 9.87 10.15 10.46 10.35 
Demand 11.60 11.50 4.60 4.40 5.10 5.16 
Balance -0.52 0.44 5.27 57) 5.36 5.19 
Western Europe-- 
Supply 9.20 9.02 5.10 4.73 5.29 sae 
Demand 10.81 10.20 5205 4.88 5.45 5.40 
Balance -1.61 -1.18 0.05 -0.16 -0.16 -0.22 
Oceania-- 
Supply 0.39 0.38 1.09 1.15 0.00 0.00 
Demand 0.48 0.62 1.25 e355 0.24 0.27 
Balance -0.09 -0.24 -0.16 -0.20 -0.24 =0°27 
Other countries-- 
Supply 0.90 0.80 1.64 1.63 ees eS 
Demand 1.09 1.16 1.02 1.08 0.72 0.76 
Balance -0.19 -0.36 0.62 0.55 0.51 0.55 
Developing market economies: 
Supply 20.80 25.84 -60 11.10 0.87 0.84 
Demand 21.03 26.14 10.00 12.30 4.90 6.09 
Balance -0.23 -0.30 -0.40 = 20 -4.03 =5.25 
Africa-- 
Supply 0.68 4.11 98 0.00 
Demand 0.79 1.05 0.65 0.92 0.29 0.39 
Balance -0.22 -0.37 3.46 -06 -0.29 -0.39 
Latin America-- 
Supply 4.68 5.06 92 2.00 0.07 
Demand 3.90 4.50 2.60 3.10 2.15 2.60 
Balance 0.78 0.56 -0.68 =1.10 -2.08 ~2. 
Near East-- 
Supply 4.99 6.62 1.45 1.82 0.79 
Demand 3.34 4.16 1.84 2.38 0.18 0.23 
Balance N65 2.46 -0.39 -0'.56 0.61 
Far East-- 
Supply 10.56 13.48 2.11 -30 0.00 
Demand 13.00 16.43 4.91 5.90 2.28 2.87 
Balance -2.44 =2.95 -2.80 -3.60 = -2.87 
poe uey planned countries of Asia: 
Supply 15.24 16.46 3.34 3.88 0.08 
Demand 20.10 22en0 5.59 6.45 1.65 2.20 
Balance -4.86 -5.64 =2225 “2.97 - =2nl2 
Eastern Europe and the USSR: 
Supply 24.22 24.70 9.84 9.83 1 12.19 
Demand 15.60 15.60 10.50 10.00 9.00 7.50 
Balance 8.62 9.10 -0.66 -0.17 4.69 
WORLD TOTAL: 
Supply 81.82 89.15 40.48 42.47 30.36 29.95 
Demand 80.71 87.32 38.01 40.46 27.06 27.38 
Balance eulid 1.83 2.47 2.01 3.30 2.57 


Source: (4). 
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